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Non-nucleoside reverse transcriptase inhibitors 



Technical field 

This invention relates to non-nucleoside reverse transcriptase inhibitors active 
against HIV-1 and having an improved resistance and pharmacokinetic profile. The 
invention further relates to novel intermediates in the synthesis of such compounds 
and the use of the compounds in antiviral methods and compositions. 

Background to the invention 

Our co-pending, but unpublished, PCT application nos PCT/EP02/02328 & . 
PCT/EP02/0234S claim novel NNRTIs of the formula l/ll 




R 

l/ll 



3 



where; 
R, is O, S; 

Ra is an optionally substituted, nitrogen-containing heterocycie. wherein the nitrogen 
is located at the 2 position relative to the (thio)urea bond; 

R 2 is an optionally substituted, nitrogen-containing heterocycie, wherein the nitrogen 
is located at the 2 position relative to the (thio)urea bond; 
Ra is H, C1-C3 alkyl. 

R4-R7 are independently selected from H, Ci-C 6 alkyl, C 2 -C 3 alkenyl. C 2 -C e alkynyi, 
haloC-Ce alkyl. Ci-C 6 alkanoyl, ha!oCi-C 6 alkanoyl, Ci-C 6 alkoxy, halod-Cs a*koxy, 
d-C 6 alkyloxy-CrCe alkyl, haloC r C 6 alkyloxy-Ci-C E alkyl hydroxy-Ci-C 6 ~alKy!, 
amino-Ci-Ce alkyl. carboxy-Ci-Ca alfcyl, cyano-C-Ce alkyl, amino, carboxy, 
carbamoyl, cyano. halo, hydroxy, keto and the like; 
X is -(CH 2 ) n -D-(CH 2 ) m - or X is -(CRaRb)c- 
D is -NR 6 - f -O-, -S-, -S(-O)- or-S(=0) 2 - 
Ra is H, C1-C3 alkyl 



1 



05.09.2002 13:43 01223 210514 

5/09/2002 12:37 MEDIYIR Utf^ ICS -> 00498923835270 NO. 149 



R 0 and R a are independently H, Ci-Ca alkyl, OH or R a and R b together are =0 
n and m are independently 0 or 1 ; 
c is 1 , 2 or 3 

and pharmaceutical^ acceptable salts and prodrugs thereof. 

Although the urea and thiourea NNRTI disclosed in the above documents are 
exquisitely active against reverse transcriptase, especially that of H1V-1, the nature of 
the HIV virus with its extreme lack of replicative fidelity and consequent tendency to 
rapid resistance development prompts a demand for further antiretroviral agents with 
enhanced antiviral performance against problematic drug escape mutants, notably at 
the RT 100, 103 and/or 181 positions. 

Brief description of the invention 

In accordance with a first aspect of the invention there are provided- compounds of 
the formula Y: , 




where; 
Ri isO, S; 

R2 is a nitrogen-containing heteropycle, wherein a* nitrogen- is located at the 2 position 
relative to the (thio)urea bond: 
R 3 is H, C1-C3 alkyl, 

R4-R7 are independently selected from H. Ci-Cb alkyl, C 2 -C$ alkenyl. CjrCs alkynyl, 

naloCi-C 6 alkyl. Ci-Ce alkanoyl. haloCi-C 6 alkanoyl, Ci-Ce alkoxy. haloCi-Ce alkoxy, 

C^Ce alkyloxy-Ci-Ce alkyl, haloCi-C 6 alkyloxy-Ci-Ce alkyl hydroxy-Ci-Cs alkyl, 

amino-Ci-Cs alkyl, carboxy-Ci-C6 alkyl, cyano-Ci-Ce alkyl. amino, carboxy, 

carbamoyl, cyano, halo, hydroxy, keto; 

X is -(CR 6 Rs )n-D-(CR 6 R fl V; 

D is a bond, ~NRe-, -S-, -S(=0)- or -S(=0) 2 -: 
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n and m are independently 0, 1 or 2. provided that they are not both 0 when D is a 
bond; 

R 8 and Re 1 are is independently H. C1-C3 alkyl. halo substituted Ci-Csalkyl. hydroxy. 

or Rb and Re' together with their adjacent C atom is -C(=0)- 

Re is independently H. C1-C3 alkyl;. 

E is -CHOH-. -NRs-. -O-, -S-. -S(=0) 

p and q are independently 0, 1 or 2, where p+q £ 2; 

R 10 is an optionally substituted, saturated or unsaturated 5-7 membered carbocyclic 

ring or an optionally substituted, saturated or unsaturated 5-7 membered heterocyclic 

ring containing 1 to 3 hetero atoms selected from O, N and S. 

Rn is independently H, C1-C3 alkyl, halo substituted Ci-C3alkyl. hydroxy 

with the proviso that-tCHRnJp-E-fCHRnVR^ is not unsubstituted phenoxy. 

and pharmaceuticatly acceptable salts and prodrugs thereof. 

The currently preferred value for R1 is O, that is a urea derivative/' although j? 1 as S 

* 

(ie a thiourea derivative) is also highly potent / 

/ 

Representative values for R 2 include thiazolyl, pyridyl. pyrimidyl. pyrazinyi, 
pyridazinyl, pyrrolyl, imidazoiyl, jndolyl, triazolyl, tetrazqlyl, piperidyl. piperazinyl and 
fused rings such as benzothiazolyl, benzopyridyl, benzodiazolyl, benzimidazclyt. 
quinolyl, purinyl and the like, any of which can be optionally substituted. 

Preferred R2 values include pyrid-2-yl and thiazol-2-yl. 

Heteroatoms in R2 can be derivatised, such as with Ci-C 8 alkyl, oxo and the like, but 
are preferably underivatised. The -(CHR9)p-E-(CHR B ) q -Rio substitusnt to R 2 may be 
ortho or meta relative to the bond to the (thio)urea function but is preferably para. 

Conveniently, p and q are 0 and E represents a thioether. secondary amine or 
especially an ether function. A further convenient — CHR n -E-CHRu- group is 
methylene, ethylene or propylene, optionally substituted with one to 3 halo or 1 
hydroxy or keto groups. A still further convenient configuration for -CHRn-E-CHRn- 
is oxymethyl or oxyethyl. 
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Representative R10 groups include phenyl, cycloalkyl, cycloalkenyl, pyridyl, furyl, 
thiazolyl, pyrimidyl. pyrazinyl, pyrldazinyl. pyrrolyl, imidazolyl, indolyl, triazolyl, 
tetrazolyl, piperidyl, piperazinyl and morpholino 

Favoured R10 groups include 2-fluorophenyl. 3-fluorcphenyl, 4-fluorophenyl, 3,4- 
difluorophenyl 2,3*dffluorophenyl f 3,5-difluorophenyl, 2,3,4-triflourophenyl, 2- 
cyanophenyl, 3-cyanophenyl, 4-cyanophenyl, 4-cyano-3-fluorophenyl, 3-cyano-4- 
fluorophenyl. 3-cyano-5-fIuorophenyl. pyrid-4-y), pyrid-2-yl, pyrid-3-yl, 5-fluoropyrid-3- 
yl, piperazine, morpholino and piperidyl. 

Convenient — (CH Ri E-(CH R 1 1 ) Ri o values thus include pyrid-3-yloxy, pyrid-4-yloxy, 
fluoro- or cyano- substituted pyrid-3-yloxy, fluoro- or cyano- substituted pyrid-3-yloxy, 
4-fluoro-3-N-morpholinomethylphenoxy l 3-N-morphoIinomethylphenoxy. 4-fluoro-3-N- 
morpholino-Keto-phenoxy, 4-fluorophenoxy, 3-fluorophenoxy. 3,4-difluorophenoxy, 4- 
cyanopbenoxy, 3-cyanophenoxy, 4-cyano-3-fluorophenyl, 3-cyano-4-fluorophenyl. 3- 
cyano-5-fluorophenyl and the like. / 

The currently preferred value for R 3 is H. 

Preferably R4 is hydrogen, halo or hydroxy, especially fluoro. ( 1 

Preferably R5 is halo, Ci.3alkylcarbonyl t Cl-3aIkyloxy or H especially fluoro and 
most preferably H. 

Preferably R 6 is hydrogen, halo, Ci-C3alkyloxy, C1-3alkylcarbonyl f cyano or ethynyl, 
especially methoxyor fluoro and most preferably H. 

Preferably R 7 is hydrogen, halo, cyano, Cvaalkyloxy, or Cioalkylcarbonyl, most 
preferably fluoro. 

Preferably R 5 and R 6 are H and R 4 and R 7 are halo, most preferably both are fluoro. 

The compounds of formula I may be administered as a racemic mixture, but 
preferably the cyclopropyi moiety Intermediate the (thio)urea function, x and the 
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phenyl ring (denoted Y below) is at least 75% such as around 90% enantiomerically 
pure with respect to the conformation: 



x 



or 

H 



A 

H 



Preferred optical isomers of the compounds of formula I show a negative optical 
rotation value. Such isomers, for example when X is -0-CH 2 -. tend to elute lass 
rapidly from a chiral chromatagram k for example chiral AGP 150 x 10 mm, 5nm; 
Crom Tech LTD Colomn, flow rate 4 ml/min, mobile phase 89 vol % 10mM 
HOAc/NH 4 OAc in acetonitrile. On the basis of preliminary x-ray crystallography 
analysis a presently favoured absolute configuration appears to be: . 

/ 

! 




The currently preferred value for D is -O-. Convenient values for n and m include 1:0 
and 1:1. Preferred values of n:m include 0:2 and especially 0:1 , that Is a chroman 
derivative. Conveniently each R8 and R8* is H. Alternatively, in the case where n is 0 
and m is 1 , R8 is advantageously H and R8* is OH. 

Particularly preferred compounds have stereochemistry corresponding to 
(IS.Ia^ybRJ-l.la^Jb-tetrahydrocyclopropalclchromen-l-yK For the sake of clarity, 
it is noted that the structure: 
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The expression Ct-C n alkyl, where n is 3, 6, 7 etc or fower alky) includes such groups 
as methyl, ethyl, n-propyl, isopropyl, n-butyl t s-butyl, t-butyl. n-pentyl, n-hexy!, 3- 
rnethyl pentyl and the like.The term halo refers to chloro, Promo, fluoro and iodo. 
especially fluoro. Ci-C n alkoxy refers to groups such as methoxy, ethoxy, propoxy, t- 
butoxy and the like. C 2 -Cn alkenyl.refers to groups such as vinyl, 1-propen-2-yl t 1- 
buten-4-yl, l-penten-5-yl. 1-buten-1-yl and the like. Ci-C rt alkylthio includes 
methylthio, ethylthio, t-butylthio and the like. C^Cn alkanoyloxy in'cludes acetoxy, 
propionoxy. formyloxy, butyryloxy and the like. Ca-Cn alkenoxy includes ethenyloxy, 
propenyloxy, fso-butoxyethenyl and the like. HaloCi-C. n alkyl (including complex 
substituents comprising this moiety such as haloCi-C rt alkyioxy) includes alkyls as 
defined herein substituted 1 to 3 times by a halogen including trifluormethyl, 2- 
dichloroethyl. 3,3-difluoropropy? and the like. The term amine includes goups such as 
NH*. NHMe. N(Me)2 which may optionally be substituted with halogen, C1-C7 acyloxy, 
Ci^Ce alkyl, Ci-C 6 alkoxy, nitro, carboxy, carbamoyl, carbamoyloxy cyano. 
methylsulphonylamino and the like. Carboxy, carboxymethyl and carbamoyl include 
the corresponding pharmaceutically acceptable Ci-C 6 alkyl and aryl esters. 

Prodrugs of the compounds of formula I are those compounds which following 
administration to a patient release a compound of the formula l in viva. Typical 
prodrugs are pharmaceutically acceptable ethers and especially esters (including 
phosphate esters) when any of R4-R7 represent an hydroxy function, 
pharmaceutically acceptable amides or carbamates when any of R;'-R 7 represent an 
amine function or pharmaceutically acceptable esters when R4-R7 represent a 
carboxy function. Prodrugs of an R B ' hydroxy include pharmaceutically acceptable 
esters such as alkyl esters, including acetyl, ethanoyl, butyryl. t-butyryl and pivaloyl, 
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phosphate esters and sulphonic esters (ie those derived from RS0 2 OH, where R is 
lower alkyl or aryl). Pharmaceutical^ acceptable ethers include lower alky! ethers and 
the ethers disclosed in WO00/47561 . especially methoxyaminoacyf and 
ethoxyaminoacyl. 

The compounds of formula Y can form salts which form an -additional aspect of the 
invention. Appropriate pharmaceutically acceptable salts of the compounds of 
formula I include salts of organic acids, especially carboxylic acids, including but not 
limited to acetate, trifluoroacetate, lactate, gluconate, citrate, tartrate, maleate, 
malate. pantothenate, isethionate, adipate. alginate, aspartate, benzoate, butyrate, 
digluconate, cyclopentanate. glucoheptanate, glycerophosphate, oxalate, 
heptanoate. hexanoate, fumarate, nicotinate. palmoate, pectinate.,3- 
phenylpropionate, picrate. pivalate, proprionate, tartrate, lactobionate, pivolate, 
• ' carnphorate, undecanoate and succinate, organic sulphonic acids such as 
methanesulphonate. ethanesulphonaie, 2-hydroxysthane sulphonate, 
camphorsulphonate, 2-napthalenesulphonate. benzenesulphonate, 
p-chlorobenzenesulphonate and p-toluenesulphonate; and inorganic acids such as 
hydrochloride, hydrobromide, hydroiodide, sulphate, bisulphate, hemisulphate, 
thiocyanate, persulphate, phosphoric and sulphonic acids. 

Hydroxy protecting group as used herein refers to a substituent which protects 
hydroxyl .groups against undesirable reactions during synthetic procedures such as 
those O-protecting groups disclosed in Greene. "Protective Groups In Organic 
' Synthesis/' (John Wiley & Sons, New York (1981)). Hydroxy protecting groups 
comprise substituted methyl ethers, for example, methoxymethyl, benzyloxymethyl, 
2-methoxyethoxymethyl, 2-{trimethylsilyl)ethoxymethyl, t-butyl and other lower alkyl 
ethers, such as isopropyl, ethyl and especially methyl, benzyl and triphenylmethyl; 
tetrahydropyranyl ethers; substituted ethyl ethers, tor example. 2,2.2-trichloroethyl; 
silyl ethers, for example, trimethylsilyl, t-butyldimethylsilyl and t-butyldiphenylsilyl; and 
esters prepared by reacting the hydroxyl group with a carboxylic acid, for example, 
acetate, propionate, benzoate and the like 

Similarly N-protecting group as used herein refers to those conventional N-protecting groups 
disclosed in Greene. "Protective Groups In Organic Synthesis," (John Wiley & Sons. New York 
(1981)). 
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The invention further provides pharmaceutical compositions comprising the 
compounds of the invention and pharmaceutical^ acceptable carriers or diluents 
therefor. Additional aspects of the invention provide methods for the inhibition of HIV 
comprising administering a compound of the formula I to a subject afflicted with or 
exposed to HlV-1. The HIV-1 may comprise a drug escape mutant, such as HIV 
strain comprising the mutations at the 100. 103 and/or 181 mutations, especially 
K103N. 

The invention also extends to the use of the compounds of formula I in therapy, such 
as in the preparation of a medicament for the treatment of HIV infections. 

. In treating conditions caused by HIV, the compounds of formula I are preferably 

administered in an amount to achieve a. plasma level of around 100 to 5000 nM, such 
• as 300 to 2000 nM. This corresponds to a dosage rate, depending on the 
• „ bioavailability of the formulation, of the order 0.01 to 10 mg/kg/day. preferably 0.1 to 
2 mg/kg/day. A typical dosage rate for a normal adult will be around 0.05 to 5 g per 
day, preferably 0.1 to 2 g such as 500-750 mg, in one to four dosage units per day. 
As with all pharmaceuticals, dosage rates will vary with the size apd metabolic 
condition of the patient as well as the severity of the infection and may need to be 
adjusted for concomitant medications. 

In keeping with the usual practice with HIV inhibitors It is advantageous to 
co-administer one to three additional antivirals to provide synergistic responses and 
to ensure complementary resistance patterns, Such additional antivirals may include 
AZT, ddl. ddC, D4T, 3TC, DAPD, atovudine, abacavir, adefovir, adefovir dipivoxil, 
bis-POC-PMPA, GW420 867X, foscarnet, hydroxyurea, Hoechst-Bayer HBY 097, 
efavirenz, trovirdine, capravirine, nevirapine, delaviridine, tipranavir, emtricitabine, 
PFA, H2G (omaciclovir), MIV-606 (valomaciclovir stearate), TMC-126; TMC-125/ 
TMC-120, efavirenz, DMP-450, loviride, ritonavir, (including kaietra), lopinavir, 
saquinavir, lasinavir, indinavir, amprenavir, amprenavir phosphate, nelfinavir and the * 
like, typically at molar ratios reflecting their respective activities and bioavailabilities. 
Generally such ratio will be of the order of 25:1 to 1:25, relative to the compound of 
formula I, but may be lower, for instance in the case of cytochrome antagonists such 
as ritonavir. 
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Compounds of the invention are typically prepared as follows: 

Scheme 1 




3 6 
l§HPPPA l Et 3 N, toluene; (b) substituted 2-aminopyridine; (c) aqueous HCI, 

dioxane; (d) substituted 2-pyrklyl isothiocyanate. 

. Compounds of the general formula (I), wherein Ri is O (urea) or S (thiourea), R 2 is, 
for instance, a 5-substituted pyrid-2-yl, and R3 is H, are prepared' by methods shown 
in Scheme 1. The cydopropanecarboxyhc acid 1-Scheme-l 'is converted to the acyl 
azide and heated to 120 °C to induce Curtius rearrangement and provide the 
isocyanate 2-Scheme-1 . The urea 3-Scheme-1 is obtained by coupling of the 
isocyanate with the relevantly substituted 2-aminopyridine. Hydrolysis of the 
isocyanate as in step (c) which results in the cydopropylamine 4-Scheme-l. followed • 
by reaction with a 2-pyridyI isothiocyanate provides the thiourea S-Scheme-1 . The 
isothiocyanate may be prepared from the optionally ring substituted 2-aminopyridine 
by known methods, such as treatment with thiophosgene or thiocarbonyldiimidazole. 
R3 variants of formula I are prepared correspondingly using the appropriately amine- 
substituted amino-R 2 . ie 2-(N-methylamino)pyridine for R 3 as methyl. Many 2- 
aminopyridines are commercially available and others are described in literature, for 
example those shown in Scheme 2. R^=S compounds can alternatively be prepared 
from the isothiocyanate corresponding to 2-Scheme 2 or from amine 3-Scheme 2 and 
aminos in conjunction with an RC(=S)R' both as described in WO 9303022. 
Although Scheme 1 has been illustrated with a substituted pyridyMt rs readily 
apparent that corresponding couplings can be used for other R2 variants such as - 
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((CHR^VE-fCHRuJq-RIO) substituted: thiazolyl, pyrazinyl, benzothiazolyl; 
pyrimidinyl etc. 

Scheme 2 



XT ■ JO ' 



R= F. CI, CN, morpholinorr- ethyl 



PG. 



n 



rr 1 



N{R)R' 



a N 



rr 



(a) phenol, NaH. DMF; (b) 10% Pd/C. H 2 1 atm. EtOH; (c) Pd(OAc) 2 . BINAP. NaOiBu. 
HN(R)R\ (d) removal of protecting group , ( 



Replacement of the bromine In 5-bromo-2-nitropyridine by a substituted phenoxy 
group, followed by reduction of the nitro group affords Substituted 2-arnino-5- 
phenoxy pyridines. Compounds wilh a thioether linkage can be prepared analagously. 
The methodology developed by Buchwald can be used for the synthesis of nitrogen 
containing 5-substltuents including heterocyclic rings. A general description of this 
reaction Is shown in Scheme 2. A protected iodopyridine derivative is reacted with an 
appropriate amine in Pd catalyzed reaction to give an intermediate that is 
deprotected to give appropriate 5-aminosubstituted pyridines. 
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Scheme 3 




COOEt 




COOEt 



Pi; 




'^HQ-Rio 



(a) ethyl diazoacetate. catalyst, OH 2 C\ 2 \ (b) chromatography and then reflux with 
LIOH, H s O. MeOH; (c) reflux with LiOH, H>0. MeOH and then chroma lography; (d) rt. 
NaOH. H^O. MeOH and then reflux with LiOH, H^O, MeOH 



Compounds of the general formula (I), wherein R1 is O (urea) or S (thiourea), R2 is. 
for example, a 5-substituted pyrid-2-yl, R3 is H, X is -D-CH 2 , and wherein the 
cyclopropyl moiety has the relative configuration , 



are prepared by methods shown in Scheme 3. Cyclopropanation of the double bond 
in the ohromene 1-Scherne-3 with ethyl diazoacetate is catalyzed by cuprous or 
rhodium(H) salts such as Cut, (CuOT02-benzene. and Rh2(OAc) 4 in solvents such as 
dichloromethane, 1,2-dichloroethane, or chloroform. The reaction provides a 
diastereomeric mixture of the cyclopropanecarboxylic acid ethyl esters 2-Scheme-3. 
with the all cis relative configuration, and its trans isomer 3-Scheme-3 . Separation by 
column chromatography of the cis and trans diastereomers may be accomplished at 
this stage, followed by hydrolysis of the isolated 2-Scheme- 3. such as by refluxing in 
aqueous methanolic LiOH. to yield a racemic mixture of the all cis 
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cyclopropanecarboxylic acid 4-Scheme-3 . as described in step (b). Alternatively, the 
diastereomeric mixture of ethyl esters may be subjected to hydrolysis l and separation 
conducted on the mixture of cyclopropanecarboxylic acids to provide the isolated all 
cis isomer, as in step (c). Step (d) involves isolation of the cis ethyl este* 2-Scherne-3 
which may also be done by selective hydrolysis of the trans 3-Scheme-3 at lower 
temperatures, such as treatment with aqueous methanolic NaOH at ambient 
temperature. The isolated cis ethyl ester may then be hydrolyzed in the usual manner 
to the cyclopropanecarboxylic acid 4-Schema~3 . The cyclopropanecarboxylic acid is 
subjected to the methods outlined in Scheme 1 to obtain the urea or thiourea S; 
Scheme-3 . The chromenes 1 -Scheme-3 are prepared by methods shown in 
Schemes 4. 5, and 6, 

Although this scheme 3 has been illustrated with a D=0 vanant it will be apparent 
that corresponding manipulations will be available to the D=S, S-O; S{=0)2 and 
D=NR8 variants. When R8 is H, the nitrogen is typically protected with a conventional 
secondary amine protecting group, such as those described in Greene & VVuts 
Protective Groups in Organic Synthesis 2 nd ed t Wiley NY 1991). 




(a) 3-bromopropyne, K 2 C0 3| acetone; (b) N,N-diethylaniline or PEG-200, 225 °C 

Scheme 4 describes the preparation of chromenes, including many from 
commercially available disubstituted phenols, such as those wherein the substitution 
pattern in the benzene ring is as follows: R4 and R7 are halo; R4 and R6 are halo; 
R5 and R7 are halo; R4 is halo and R7 is Cioalkylcarbonyl; and R4 is hydroxy while 
R5 is C,.3 alkylcarbonyl. Reaction of the available disubstituted phenol l-5cheme-4 
with 3-bromopropyhe in the presence of a base, such as K2CO3 in acetone or NaH in 
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DMF, results in nucleophilic substitution of the halide to provide the ether 2-Scheme- 
4. Ring closure may be accomplished by heating the ether in-N. N-dimethylaniline or 
polyethylene glycol to yield the chromene 3-Scheme-4 . > 



Scheme 5 




Is * 
NaBH 4 . EtOH; (b) p-toluenesulfonic acid, toluene, reflux; 

Scheme 5 describes the preparation of chromenes, used as starting material in 
Scheme 3. from the appropriately substituted chromanones, which are readily 
accessed from commercially available chromanones, for example those wherein one 
of the positions in R4 to R7 is substituted with halo or Cu* alkoxy. Conversion of the 
carbonyl group in 4-chromanone 1a-Scheme-5 and to the correponding alcohol by a 
suitable reducing agent such sodium borohydride in ethanol provides 2-Scheme-5 . 
Refluxing the alcohol with small amounts of acid, such as p-TaOH in toluene, causes 
dehydration of 2-Scheme-5 to the desired chromene 1-Scheme-3 . Corresponding 
manipulations will be available for otner D variants. For example the corresponding 
2H-1-benzothiopyran is readily prepared from commercially available (substituted) - 
thiochroman-4-ones by reaction with a reductant such as a metal hydride for example 
lithium aluminium hydride in an organic solvent such as ether, followed by 
dehydration such as refluxing with an acid for example potassium acid sulphate or 
the like. 



13 



05. 09. 2002 13:46 01223 210514 

5/09/2002 12:37* MEDIUIR j^^ ICS -> 00498923885270 HO. 149 



Scheme 6 




(a) allyl bromide. K 2 C0 3 , acetone, (b) Ph 3 PCH 3 Br t NaH, THF; (c) 
CblPcyjhRusCHPh, CH 2 CI 2 (d) Ph 3 P"CH=CH2 Br \ DBU 



Chromenes, for use as starting material in Scheme 3, are prepared from substituted 
o-hydroxybenzatdehydes as shown by methods outlined in Scheme 6. Reaction of 1^ 
Scheme-6 with allyl bromide in the presence of a base, such as K2CO3 in acetone, 
results in nucleophilic substitution of the hafide to provide the ether 2-Scheme-S . 
Witting reaction transforms the aldehydic group into the olefin.and provides 3; 
Scheme -6 , The pair of terminal double bonds may undergo metathesis 
intramolecular!/ by treatment with a catalyst such as the ruthenium complex Grubb's 
catalyst in step (c) to produce the chromene. Alternatively 1 -Scheme- 6 can be 
cyclised directly as shown in step d) in the legend above. 
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NO. 149 pi 



(a) Pd(0), DPPP. Et 3 N. (CH 3 ) 3 Sif>CH; (b) Pd(0), butyl vinyl ether, DMF; (c) Pd(0), 
Zn(CN) 2 . DMF; (d) NaOH. H a O, MeOH ' 

Pd(0) catalyzed coupling of the triflate 1-Scheme~7 leads to the replacement of the 
trifluoromethanesulfonyloxy group and the Introduction of other iubstiutents at R6. 
Thus, Scheme 7 provides the preparation of synthesis intermediates for use in 
scheme 3 to give the urea or thiourea 5-Scheme-3 wherein R6 is cyano, ethynyl, or 
C1-3 alkylcarbonyl. 
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Scheme 8 




(a) BuLi/ZnCl 2 . THF; Pd(OAc} 2 , BrCH=CHCOOEt; DIBAL 

(b) TsNHN=CHCOCl; PhNMe 2l NEta, CH 2 Cl 2 

(c) Rh 2 (5-R-MEPY) 4 . abs degassed dichloromethane 

(d) . 30% HBr. AcOH 
{e> NaOH, H 2 0 

(f) NaOH; CO z ; l-Prl/DMSO 

(g) IPtOH, HCI; DEAD. PPh 3 , THF 

(h) NaOH, MeOH.H 2 0 

(i\ 1 . BBr 3 , CH 2 CI 2 2. CH 3 CN 3. NaOH, water 

0) 1. BuU/ZnCI 2 . THF; Pd(OAc) 2. cpd 9-Scheme-8 3. Jones reagent 
(chromic acid, sulfuric acid in acetone) 
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Convenient routes to compounds wherein X is -Chfe-O- are depicted in Scheme 8. 
where R* and R b are optional substituents R4-R7, which are suitably protected with 
conventional protecting groups as necessary and R c is a lower alky! ester. Optionally 
substituted phenol 1-Scheme-8 which is hydroxy-protected with a protecting group 
such as methyl, MOM and the like is reacted with a base such as BuLi or the like in a 
solvent such as THF or the like and transformed to zinc salt by adding zinc chloride 
or the like. A catalyst such as Pd(OAc) 2 or the like is added along with an activated 
acrylate such as lower alkyl-cis-3-haloacrylate, for example BrCH^CHCOOEt or the 
like. The reaction mixture is cooled and a reducing agent such as DIBAL or the like is 
added portionwise and quenched xo yield 2-Scheme-8 . A hydrazone such as the p- 
toluenesulfonylhydrazone of glyoxylic acid chloride or the like and a base such as 
N.N-dimethylaniline or the like is added in a solvent such as CH2CI2 or the like 
followed by the addition of another base such as Et 3 N or the like to yield 3^ 
Scheme-8 . The reaction product is dissolved in a solvent such as dichloromethane or 
the like which is preferably degassed. A chiral Doyle's catalyst such as Rh 2 (5-R- . 
MEPy)* (US 517531 1, available from Aldrich or Johnson Matthey)./or the like is 
added to yield 4-Scheme-8 in a high enantiomeric excess such as greater than 80, 
preferably* greater than 90% ee. Preferably, this compound is first reacted with BBr 3 in 
dichloromethane followed by the addition of acetonitrile the reaction mixture and 
finally sodiumhydroxide is added to give 6-Scheme-S. Alternatively, this product (4- 
Scheme-8) is ring-opened with an elactrophile preferably HBr or the like under in 
conjunction with an acid such as AcOH or the like. Under acid conditions a 
spontaneous ring closure takes place to form chromenone S-Scheme-8. W hen 
subjected to basic conditions such as NaOH or the like, the chromenone rearranges 
to form the chromencyclopropylcarboxylic acid 6-Scheme-8. Alternatively, 4-Scheme- 
8, for instance when the phenolic protecting group is MOM, can be subjected to basic 
conditions such as NaOH, carbon dioxide and a lower alky! halide such as iPrl in a 
solvent such as DMSO to open the lactone and yield the alkyl ester 7-Scheme-8 . 
Displacement of the hydroxy protecting group and ring closure with the free 
hydroxymethyl moiety occurs in acidic conditions such as iPrOH/HCi or the like 
followed by DEAD; PPH3 in an organic solvent such as THF or the like. Alternatively, 
in a convergent approach, compound 1-Scheme-8 is reacted with BuLi and 
transformed to a zinc salt. This salt reacted with the cyclopropyliodide. 9-Schsme-8. 
in a palladium-catalyzed reaction to give after reaction with Jone's reagent compound 
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4-Scheme-8. This carboxylic acid is in turn converted to the isocyanate as shown in 
Scheme 1 and subsequently to the heteroarylurea or heteroarylthiourea of the 
Formula Y. 



Compounds wherein X = -O-CH(OH)- are conveniently prepared de novo by methods 
shown in Schemes 9-1 1 . 



Scheme 9 




(a} DPPA, Et 3 N, toluene; (b) substituted 2-aminopyridine; (c) aqueous HCt, 
dioxane; (d) substituted 2-pyridyl isothiocyanate; (e) deprotection 

The cyclopropanecarboxylic acid 1-Scheme- 9 with suitable protection of the 
hemiacetal is converted to the acyi azide and heated to 120 °C to induce Curtius 
rearrangement and provide the isocyanate 2-Scheme-9 . The urea 3-Scheme-9 is 
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obtained by coupling of the isocyanate with the relevantly substituted 2- 
aminopyridine. Hydrolysis of the isocyanate as in step (c) which results in the 
cyclopropylamine 4-Scheme-9 . followed by reaction with a 2-pyridyl isothiocyanate 
provides the thiourea 5-Scheme-9 . The isothiocyanate may be prepared from the 
optionally ring substituted 2-aminopyridine by known methods, such as treatment 
with thiophosgene or thiocarbonyldiimidazote. Deprotection of 5-Scheme-9 to give 
the hemiacetal 6-Scheme-9 can be readiy achieved, for example, by acid hydrolysis if 
the protecting group is ethoxyethyl or the like. 

R 3 variants of formula Y are prepared correspondingly using the appropriately amine- 
substituted amino-R*. ie 5-substituted-2-(N-methylamino)pyridine derivatives for R 3 
as methyl Although the schemes have generally been illustrated with a substituted 
pyridyl it is readily apparent that corresponding coOplings can be used for other 
substituted R 2 variants such as substituted thiazotyl. pyrazinyl, benzothiazolyi, 
pyrimidinyl, etc. 
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Scheme 1 0 




(a) DtBAL; (b) protection; (c) ethyl diazoacetate, catalyst. CH s Cf 3 ; (d) hydrolysis; (e) deprotection 

Compounds of the general formula Y wherein the cyclopropyi moiety has^the relative . 
configuration 




are prepared by methods shown in Scheme 10. Controlled reduction of lactone V 
Scheme-10 to the lactol 2-Scherne-lQ is accomplished by several hydride reagents 
at low temperatures, such as diisobutylaluminum hydride at -40 °C. Alternatively, the 
lactol may be obtained by titanocene-catalayzed reduction»where hydrosilylation to 
the lactol is carried out with polymethylhydroxysilane (PMHS). followed by 
desilylation with TBAF to give the hydroxyl group. Reduction of the lactone creates a 
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chira! center at the carbonyl carbon to produce lactols With the OH group at the axial 
and equatorial positions, or a and 0 isomers The preparation of lactone 1 -Scheme- 
10 is outlined in Scheme 3. Protection of the hydroxyl group prior to cyclopropanation 
demands a protecting group that will survive subsequent ester hydrolysis. Suitable 
protection would be alkoxyalkyl ethers. For example, where PG is cc-ethoxy ethyl, 
the lactol 2-Scheme-lQ is reacted with ethyl vinyl ether in the presence of acid 
catalysts. Cyclopropanation of the double bond in 3-Scheme-10 with ethyl 
diazoacetate is catalyzed by cuprous or rhodium(ll) salts such as Cut, (CuOTf) 2 - 
benzene, and Rh 2 (OAc) 4 in solvents such as dichloromethane, 1,2-dichloroethane, or 
chloroform. The reaction provides a diastereomeric mixture of the 
cyclopropanecarboxylic acid ethyl esters 4-Scheme-10 . with the all cis relative 
configuration, and its trans isomer 5-Scheme-1Q . Separation by column 
chromatography of the cis and trans diastereomers may be accomplished at this 
stage, followed by hydrolysis of the isolated 4-Scheme-10 . such as by refiuxing in 
aqueous methanolic UOH, to yield a racemic mixture of ,the. all cis 
cyclopropanecarboxylic acid 6-Scheme-10 . Alternatively, the 4-and ' 5-Scheme-io 
ethyl esters may be subjected to hydrolysis, and separation- conducted on the 
cyclopropanecarboxylic acids to provfde the isolated all cis isomer. Isolation of the cis 
ethyl ester 5-Scheme-10 can also be done by selective hydrolysis of the trans 4^ 
Scheme- 10 at lower temperatures, such as treatment with aqueous methanolic 
NaOH at ambient temperature. The isolated cis ethyl ester may then be hydrolyzed in 
the usual manner to the cyclopropanecarboxylic acid 6-Scheroe-lO . The 
cyclopropanecarboxylic acid is subjected to the methods outlined in Scheme 10 to 
obtain the urea or thiourea 7-Scheme-10 . 
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Scheme 1 1 



R6 \Jv OH 

xy - 





(a) hydroxysuccinic acid, ZnCb; (b) PDC, molecular sieves or NaOCI % Mn(III) salen 
catalyst 



The chromen-2-ones 1-Scheme-10 may be prepared, as shown in Scheme 11, from 
commercially available substituted phenols by reaction with hydroxysuccinic acid in 
the presence of ZnCfe or sulfuric acid. They can also be synthesfsed by oxidation of 
the chromenes 2-Schems-6 whose preparation is described above. 
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1^* K-"' v</° 



o 



ft/ I * 3 L 

PG p G 




O OH 



/ >— Or. 

ok >■ as to Senate 1 




Ra „ / — O o 

Re 




R7 



O* ^OH 



(a) 



POC; (b) IprOH. HCI; (c) ethyl vinyl ether, PPTS; (d) NaOH, CO* 



Convenient routes to chiral compounds of formula I v/herein Y is -OCH(OH)- are 
depicted In Scheme 12. where Ra and Rb are optional substituents R4-R7, which are 
suitably protected with conventional protecting groups as necessary and Rc is a 
lower aikyl ester. The preparation of the chiral 1-Scheme-12 is described above. 
Oxidation of the primary alcohol to the aldehyde may be done, for example, by PDC. 
Removal of the phenol protecting group under acidic conditions, for instance when 
the protecting group \$ MOM, induces a spontaneous ring closure to the hemiacetal 
3-Scheme-12 .The hydroxyl group is protected with, a functionality that survives basic 
conditions, such as ethoxyethyl which remains intact in the presence of NaOH, CO* 
when the alkyl ester is converted to the carboxylic acid (or it salt) 5-Scheme-12 . This 
carboxylic acid is in turn converted to the isocyanate and subsequently to the 
heteroarylurea or heteroarylthiourea as shown in Scheme 9. 
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Compounds wherein X is an optionally substituted alkylene are conveniently 
prepared by scheme 13: 

Scheme 1 3 




(a) NaBH*. EtOH; (b) p-toluenesulfonic acid, toluene, reflux; 

Scheme 13 describes the preparation of tetralins, indanes and homologues. used as 
starting material in the schemes above .from known monosubstituted tetralones etc, 
wherein positions R4 to R7 is/are substituted, for example with halo or Cm alkoxy. 
Conversion of the carbonyl group in Vtetralone 1b-Scheme-13 to;Ke corresponding 
alcohol by a suitable reducing agent such sodium borohydride in, ethanol provides 2z 
Scheme-13 . Refluxing the alcohol with small amounts of acid, such as p-TsOH in 
toluene, causes dehydration of 2-Scheme-13 to the desired tetralin 1-Scheme-13 . 
Corrresponding reactions are applicable to n=1 or 3. 

Compound 12-Scheme 13 can alternatively be prepared as shown in Scheme 14. 

Scheme 14 



24 




PQ6 



<al EDA; chiral catalyst (b) NaOH (c) DPPA, substituted 2-aminopyridine * (d) 
deprotection eg. H2. PDC (e) deprotection eg. MCI 

The preparation of compound 1 -Scheme 14 is described in our copending PCT 
application no. PCT/EP02/Q23328. This compound can be reacted with EDA in the 
presence of a chiral catalyst to give compound 2-Scheme 14 . Hydrolysis of the ester 
function will give the acid 3-Scheme 14 . This compound is further reacted in a Curtius 
rearrangement with DPPA and a substituted aminopyridine to give compound 
Scheme 14 . Selective deprotection of the protected alcohol function followed by an 
oxidation will give compound 5-Scheme 14 . Finally, deprotection of the phenol 
function followed by ring closure as described in Scheme 12 will give the desired 
compound 6-Scheme 14 . 

Compound 6 in Scheme 12 could also be prepared as shown in Scheme 15. 



25 




(a) acetic anhydride, acid (b) hydrolysis, selective protection, esterification (c) PDC 



The preparation of compound 1 -Scheme 15 is described in our 'copending PCT 
application no. PCT/EP02/02328. This compound can be reacted with acetic 
anhydride in the presence of. a strong acid to give the diacetat9 2 Scheme 15 . Basic 
hydrolysis will give a compound that selectively can be protected on the phenol 
Esterification with isopropyliodide will give the alcohol 3- Scheme 15 . This compound 
can be oxidized to the aldehyde 4 Scheme 15. The transformation of this compound 
to compound 5 Scheme 1 5 is described in Scheme 12. 

Favoured compounds of formula I include 

f-J-c/s-1 -(S-fpyrid-S-yloxyJ-pyridin^-yO-a^.y-difluoro-l , 1 a .2,7b-tetrahydro- 
cyclopropa[c]chromen-1-yI)-urea, 

f-;-c/s-1 -(5-(2-fluoropyrid-3-yloxy)-pyridin-2-yi)-3-(4. 7-difluoro-1 . 1 a .2.7b-tetrahydro- 
cyclopropa[c]chromen-1 -yO-urea. 

^K/5-1-(5-(2-cyanopyrid-3-yloxy)-pyridin-2-yl)-3-(4,7-difIuoro-1.la,2.7b-tetrahydro- 
cyclopropa[c]chromen-1 -yl)-urea, 

-(S^-fluoropyrid-S-yloxyJ-pyridin^-yO-S-t^T'difluoro-l , 1 a,2.7b-tetrahydro- 
cyclopropa[c]chromen-1-yl)-urea, 

^^/s-l-CS^^cyanopyrid-S-yioxyJ-pyridin^-yO-S^^-difluoro-l.la.a.rb-tetrahydro- 
cyclopropa{cJchromen-l-yl)-urea, 
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<4-c/s-1-(5-(5-fluoropyr^ ■ 

cyclopropa[cjchromen-1-yl)-urea ( 

^)-c/s-1-(5-{5<;yanopyrid-3-yloxy^ 

cyclopropa[c]chromen-1 -yl)-urea, 

f->-c/s-1 -(5-(pyrid-3-yloxy)-pyndin-2-y1)-3-(4 i 7-difluof 0-1 , 1 a, 2, 7i>tetra hydro- 

cycfopropa[c]chromen-1-yl)^thiourea, 

^>c/s-1-(5-(2-fluoropyrid-3-ylo^ 

cyclopropa[c]chromeiv 1 -yl)-thiourea , 

f-;-c/s-1-(5-(2-cyanopyrid-3-yto^ 

cyclopropa[c]chromen-1-yl)«thiourea, 

^-c/s-1-(5-(4~fluoropyrid-3-yl^^^ 

cyclopropa[c]chromen-1 -yl)-thiourea, 

f->c/s-1-(5-(4-cyanopyrid-3^ 

cyclopropajcjchromen-l^-thiourea, 

(->c/s-1-(5-(5-fluoropyrid-3-y^ 

cycfopropa[c]chrornen-1-y!)-thiourea, 

^cis-H5-(5~c^anopyrid-3-yto^ 

cycloproparclchromen-l-ylj-thiourea, 

/ 

f->c/sO-(5-(pyrid-4-yfoxy)-pyr^ 
cyclopropaf c]chronr>en-1 -yl)-urea. 
U^/s-H5-(3-fluoropyrid^-ylo^ 
cyclopropa[c]chromen-1-yl)-urea. 

^;-c/s-1-(5-(3-cyanopyrid-4.yioxy)-pyridin-2-y!)-3-(4 J-difluoro-1 , 1 a,2,7b-tetrahydro- 
cyclopropa[c]chromen-l-yI)-urea, 

-(5-(2-f luoropyrid-4-yloxy)-pyridin-2-yl)-3-(4,7-dffluoro-1 , 1 a,2.7b-tetrahydro- 
cyclopropatcJchromen-1-yl)-urea. 
^c/s-H5-(2-cyanopyrid-4-y!o^ 
cyclopropa[c)chromen-1 -yl)-urea, 

•(5-(pyrid-4-yloxy)-pyridin-2-yl)-3-(4 ,7-difluoro-1 . 1a,2,7b~tetrahydro- 
cyclopropa[cjchromen-l-yf)-thiourea % 

(->C/s-1 -(5-(3-fluoropyrid-4-yloxy)-pyridin-2-yl)-3-(4, 7-difluoro-1 , 1 a .2,7b-tetrahydro- 
cyclopropa[c]chromen-1-yl)-thiourea. 
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^J-c/s-1-(5-(3-cyanopyrid^ 1 a^.Tb-tetrahydro- 

cycloproparcJchromen-l-yO-thiourea, 

f->c/s-1-(5-(2-fluoropyrid^^ 

cyclopropafcjchromen-l-yO-thiourea. 

(->c/s-1 -(5-(2-cyanopyrid-4-yloxy).pyridin-2-yi)-3-(4. 7-difluoro1 , 1 a,2,7 Wetrahydro- 
cyclopropaJcJchromen-l-yO-thiourea. 

f->c/s-1 -(5-(2-Cyanophenoxy).pyrid?n-2-yl)-3-(4 ,7-dif!uoro-1 . 1a.2 .7b-tetrahydro 
cyclopropa[c]chromen-1-yl)- urea; 

(->c/s-1 -(5-(2-Cyanophenoxy)-pyridin.2-yl)-3-(4 t 7-difluoro-1 , 1 a .27b.tetrahydro- 
cyclopropa[c]chromen-1-yl)-thJourea; 

^>-c/s-1-(5-(3-Cyanophenoxy)-pyridin-2-yl)^3-(4.7-difluoro-1 , 1 a,2,7b-tetrahycro- 

cyclopropa[c]chromen-1-yl)- urea; 

<^c/s-1-(5-(3<iyano^^^ 

cyclopropa[c]chromen-1-yl)-thiourea; 

(')-cis-l -{5-(4-Cyanophenoxy)-pyridin-2-yl)-3-(4,7-diflupro-1 . 1 a.27b/tetrahydro- 
cyclopropa[c]chromen-1-yl)- urea; 

^-c/s-1-(5-(4-Cyanophenoxy)-pyridin-2*yl)-3-(4 p 7--difluoro-1 Ja.2.7b~tetrahydro~ 
cyclopropa[c]chromen-1 -yl)-thiourea; ■ , ' 

^c/s-1-(5-(2-Fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a.2.7b-tetrahydro- 
cyclopropa[c]chromen-1-yl)- urea; 

^;-c/s-1-(5-(2-Ruoropheno)cy)-pyridin-2-yl)-3-(4 l 7.difluoro-1,1a I 2,7b-tetrahydro- 
cyclopropa[c]chromen-1-yl)-thiourea; 

^;-c/s-1-(5^3-Fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1.1a.2.7P-tetrahydro- 
cyciopropa[cjchromen-l-yl)- urea; 

^^/s.1-(5^(3-Fluorophenoxy)-pyridin : 2-yl)-3-(4,7-difluoro-1,1a,2,7b-tetrahydro- 
cycloproRa[c]chromeo-1-.yl)-thiaurea; 

-(5-(4-Fluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1 , 1 a. 2.7b-tetrahydrb- 
cyclopropa[c]chromer»- 1 -yl)- urea; 

( r -;-c/s-1-(5-(4-Fluorophenoxy)'pyridin-2-yl)-3-(4.7-difIuoro-1 . 1 a.2.7b-tetrahydro- 
cyclopropa(c]chromen-1-yl)-thiourea; 
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^c/s-1-(5-(2ADifluorophenoxy)-pyri^^ 
cyclopropa[c)chromen-1-yl)- urea; 
^c/s-1-(5-(2/MDi-fluoropheno 
cyclopropa[clchromen-1 -yiHhiourea; 

-(5-(2 l 3-Difluorophenoxy)-pyrid!n-2-yl)-3-(4,7-difl uoro-1 , 1 a,2,7b-tetrahydro- 
cyclopropa{c]chromen-1 -y!)- urea; 
^>c/s-1-(5-(2.3-DifuorophenG^ 
cyclopropa[c]chromen-1-yl)-thiourea; 

^;-CAS-1-(5~(3,4-Difluorophen^ , 1 a,2,7b-tetrahydrOn 

cyclopropa[c]chromen-i -y»)- urea; 

-(5-(3 l 4'Difluorophenoxy)-pyridin-2-yi}-3-(4 t 7-difluoro-1 . 1 a^Jb-tetrahydro- 
cyclopropa[c]chromen-1-yl)-thiourea; 

f-J-c/s-l ~{5-(2 l 5-Difluorophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1 , 1 a.2,7b-tetrahydro- 

cyclopropa[c]chromen-1-yl)- urea; 

^-c/s-l-^-foS-Di-fluorophen^^ 

cyctopropa[c]chromervl -yI}-thiourea: 

(->c/s-1-(5-(2,6-Difluorophsnox^ 

cyclopropa[c]chromen-i-yi)^ur5a; . ; 

f-;-c/s-1 -(5-(2.6-Difuorophenoxy)-pyridin.2-yl)-3-(4 t 7-diflu6rcKl , 1 a,2 t 7b-tetrahydro- 

cycloprop a[c]chro men- 1 -y l)-thi o urea ; 

(->c/s-1-(5-(3 % 5-Difluorophenoxy)-pyri^^^ 

cyclopropa[c]chromen-1-yl)- urea; 

(-)-cis-l -(5-(3,5- Difluorophenoxy)-pyridin-2-yJ)-3-(4J : difiuoro-1 ( la,2 t 7b-tetrahydro- 
cyclopropa[c]chromen-1-yl)-thiourea; 

^J-c/s-1-(5-(2-Fluoro-3-cyanophe^^^ 
tetrahydro-cyclopropatcJchromen-1-yl)- urea; 

-(5-(2-F)uoro-3-cyan^^ 
tetrahydro-cyclopropa[c]chromen-1-y0-thiourea; 
f-;-c/s-1-(5H3-Fluoro-2-cyan^^ 
tetrahydro-cyclopropa[cjchromen-1-yl)- tirea; 
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-(5-(3-Fluoro r 2-cyanophenoxy)i-pyriclin.2-yl)-3-(4,7rclifluoro-1 , 1 a,2.7b- 
tetrahydro-cyclopropa[cjchromen-1 -yl)-thiourea; 

^>cfe-1-(5-(3-Fluoro-4-cyanophenoxy)-pyridin-2-yl)-3-(4.7-d«fluoro-1,1a.2.7b- 
tetrahydro-cyclopropa(c]chromen- 1 -yl)- urea; 

(-)'ds^ -(5-(3-Fluoro-4-cyanophenoxy)-pyridin-2-yl)-3-(4,7-difiuoro-1. 1 a.2.7b- 
tefrahydro-cyclopropa[cjchromen- 1 -yl)-thiourea; 

f-)-c/s-1 -(S-(4-Fluoro.3-cyanophenoxy)-pyridin-2-yl)-3-(4,7-rimuoro-1 , 1 a.2.7b- 
. tetrahydro-cyclopropa[c]chromen-1-yl)- urea; 
(-)-cis-A -(5-(4-Fluoro-3-cyanophenoxy)-pyridin-2-yl)-3-(4.7-difluoro-1 . 1 a.2,7b- 
tetrahydro-cyclopropa[clchromen-1-yl)-thiourea; 

C->c/s-1-(5-(3-Fluoro-5-cyanDphenoxy)-pyridin-2-yl)-3-(4,7-difluoro-1,1a.2.7b- 
tetrahydro-cyclopropa[c]chromen-1-yl)- urea; / 

^>c/s-1-(5-(3-Fluoro-5-cyanophenoxy)-pyridir)-2-yl)-3-(4,7-difluoro-1.1a,2 l 7b. 
tetrahydro-cyclopropafcjchromen- 1 -yl)-thiourea; 

^-c/s-1-(6-(5-Fluoro-3-cyanopKenoxy)-pyridin-2-yl)-3-(4,7.difluorp-1,1a.2.7b- 
tetrahydro-cyclopropalc]chromen-i-yl)- urea, 

f-J-c/s-1 '(5-(5-Fluoro-3-cyanophenoxy)-pyridin-2-yl)'3-(4.7-difluoro-1 . 1 a.2.7b- 
tetrahydro-cyclopropa[cjchromen-1-yl)-thiourea; 

6)-c/s-1-(5-(2-Cyano-4-fluoropheno)c/)-pyridin-2-yl)-3-(4,7-difluoro-1.1a,2,7b- 
tetrahydro-cyclopropa[c]chromen-1 -yl)- urea; 

f-;-c/s-1-(5.(2-Cyano-4-nuQrophenoxy)-pyridin-2-yl)-3-(4,7-difluoro-l I 1a,2,7b- 
tetrahydro-cyclopropalclchronr.en-l-yO-thiourea; 

^-c/s-1-(5-(4-Cyano-2-fluorophenoxy)-pyridin-2-yO-3-(4,7-difluoro-1,1a.2.7b- 
tetrahydro-cyclopropa[c]chromen-1-yl)- urea; 

Y-;-c/s-1 -(M4*-Cyan-o-2-fludrbphenoxV)-pyridiri-2-yi)-3-(47-difl a,'2,7b- ' 

tetrahydro-cyclopropafc]chromen-1-yl)-thiourea; 

f-;-c/s-1-(5-(2-Cyano-5-fiuoropbenoxy)-pyridin-2-yl)-3-(4.7-difluoro-1.1a.2,7b- 
tetrahydro-cyclopropa[c)chromen-l -yl)- urea; 

f-J-c/s-1 -(5-(2-Cyano-5-fluoropnenoxy)-pyridin-2-yi)-3-(4,7-difluoro-1 ,1 a.2.7b- 
tetrahydro-cyclopropa[c]chromen-1 -yl)-thiourea; 
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(S)-c/s-1-(5-(5-Cyano-2-fluorophenoxy^^ 
tetrahydro-cyclopropa[c]chromen-l -yl). urea; 

f-;-c/s-1 -(5-(5-Cyano-2-fluorophenoxy)-pyridin-2-yi)-2-(4 t 7-dif)uoro-l;1a.2,7b- 
tetrahydro-cyciopropa[c]chromen-1 -ylHhiourea ; 

(V-cfe-1-(5-(2-Cyano-6-fluoroph 
tetrahydro-cyclopropa[c]chrornen-1 -yl)- urea; 

^;-c/s-1-(5 : (2-Cyano-6-fluorophenoxy)-pyridin-2-yl)'3-(47 
tetrahydro-cyclopropa[c]chromen-1-yl)-thiourea; 

' ^>cfe-1-(5-(6-Cyano-2-fluorophenoxy)-pyridin-2-yl)-3-(4 J-difluoro-1 .1a,2,7b- 
tetrahydro-cyclopropa[cjchromen-1 -yl)- urea; 
(^c/s-HS-CS-Cya no-2-flu^ 

tetrahydro-cyclopropa[cjchrornen-1 -yl)-thiourea; . ' 

and pharmaceutical^ acceptable salts thereof, especially enantiomerically enriched, 
for example greater than 80% by weight, preferably > 90%, such as >97% ee or pure 
preparations comprising the,(-) enanticmer. 

While it is possible for the active agent to be administered alone, it is preferable to 
present it as part of a pharmaceutical formulation. Such a formulation will comprise 
the above defined active agent together with one or more acceptable carriers or 
excipients and optionally other therapeutic ingredients. The carriers) must be 
acceptable in the sense of being compatible with the other ingredients of the 
formulation and not deleterious to the recipient. 

The formulations include those suitable for rectal, nasal, topical (including buccal and 
sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous and intradermal) administration, but preferably the formulation is an 
orally administered formulation. The formulations may conveniently be presented in 
unit dosage form. e.g. tablets and sustained release capsules, and may be prepared 
by any methods well known in the art of pharmacy. 

Such methods include the step of bringing into association the above defined active 
agent with the carrier. In general, the formulations are prepared by uniformly and 
intimately bringing into association the active agent with liquid carriers or finely 
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divided solid carriers or both, and then if necessary shaping the product. The 
invention extends to methods for preparing a pharmaceutical composition comprising 
bringing a compound of Formula I or its pharmaceutical^ acceptable salt in 
conjunction or association with a pharmaceutical^ acceptable carrier or vehicle, ff the 
manufacture of pharmaceutical formulations involves intimate mixing of 
pharmaceutical excipients and the active ingredient in salt form, then it is often 
preferred to use excipients which are non-basic in nature, i.e. either acidic or neutral. 
Formulations for oral administration in the present invention may be presented as 
discrete units such as capsules, cachets or tablets each containing a predetermined 
amount of the active agent; .as a powder or granules; as a solution or a suspension of 
the active agent in an aqueous liquid or a non-aqueous liquid; or as an cil-in-water 
liquid emulsion or a water in oil liquid emulsion and as a bolus etc. 

. With regard to compositions for oral administration (e,g. tablets and capsules), the 
term suitable carrier includes vehicles such as common excipients e ; g. binding 
agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone 
(Povidone), methylcellulose, ethylcellulose, sodium carboxymethylceflulose, 
hydroxypropylmethylcellulose, sucrose and search; fillers and carriers, for example 
com starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol, 
dicalcium phosphate, sodium chloride and alginic acid; and lubricants such as 
magnesium stearate; sodium stearate and other metallic stearates, stearic acid, 
glycerol stearate, silicone fluid, talc waxes, oils and colloidal silica. Flavouring agents 
such as peppermint, oil of wintergreen, cherry, flavouring or the like can also be used. 
It may be desirable to add a colouring agent to make the dosage form readily 
Identifiable. Tablets may also be coated by methods well known in the art. 
A tablet may be made by compression or moulding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared by compressing in a 

" suitable* machine the active agent iri a free flowing form such as a powder or • 
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface- 
active or dispersing agent. Moulded tablets may be made by moulding in a suitable 
machine a mixture of the powdered compound moistened with an inert liquid diluent. 
The tablets may be optionally be coated or scored and may be formulated so as to 
provide slow or controlled release of the active agent. 
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Other formulations suitable for oral administration include lozenges comprising the 
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles 
comprising the active agent in an inert base such as gelatin and glycerin, or sucrose 
and acacia; and mouthwashes comprising the active agent in a suitabfe liquid carrier. 

Detailed Description 

Various aspects of the invention will now be illustrated by way of example only with 
reference to the following non-limiting examples. 

Example 1 




O 



5-(3-fluorophenox>A-2-nitropvridine 

Sodium hydride (60% dispersion in mineral oil. 0.1 1g . 2,7mmoI) was mixed with 
3-5 ml of dry dimethylformamide and 3-fluorophenol (0.244ml, 2.7mmol) was 
added to the stirred suspension. When the gas evolution was ceased the reaction 
mixture was heated at stirring at 60°C and 5-bromo-2-nitropyridine (0.5 g, 2.5 
mmol) was added to the reaction mixture in one portion. The reaction mixture was 
stirred at 60°C for about 12 hours. The reaction mixture was then mixed with 50 
ml of water and extracted into methylene chloride (3x20 ml). Organic extract was 
washed with water and brine, dried over magnesium sulfate and concentrated by. 
rotary evaporation. The resulting mixture was purified by column chromatography 
on silica (30 g, EtOAc/hexane 1:3) to give 190mg (33% yield) of desired product 

1 H-NMR (CDCfe): B.31 (d, 1H), 8.24 (d, 1H). 7.38 (dd. lH) f 7.08-7.20 (m, 4H). 

Example 2 
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. 2. 5-i3-fluorophenoxvl-2-Pvrldinamine 

• 5-(3-fluorophenoxy)-2-nitropyridinewas mixed with 15-20 ml of ethanol and 
bubbled with argon. About 20 mg of Pd/C was added to the reaction mixture and 
hydrogen gas was applied at normal pressure and ambient temperature for 3-} 2 
h. The reaction was monitored by TLC. After the reaction was complete, the 
reaction mixture was bubbled with argon, filtered through Celite and the solution 
obtained was concentrated by rotary evaporation to give 165 mg of desired 
aminopyrldine (quantitative yield). / 

'H-NMR (CDCI 3 ): 7.92 (d, ~1H), 7.22 (m, 2H), 6.73 (m, 2H), 6.62 (d tr, 1H). 6.54 
(d, 1 H). 6.82 (dd, 2H), 6.64 (d, 1 H), 4.42 (br S| 2H). 

Example 3 




N^nS.laR^bR^^J^difluoro-l.la^.yb'tetrahvdrocvclQoroDafclchromen-l-y^N^ 
(S-f3-fluorophenoxvV2-Dvridinyllurea 

(IS.IaRybSJ^J-difluoro-IJa^Jb-tetrahydrocyclopropatcJchromene-l- 
carboxylic acid (50mg t 0.22mmol, ~ 95% ee) was mixed with toluene (1,5ml), 
triethylamine p.1eq), 5-(3-fluorophenoxy)-2-aminopyridine (l.1eq). DPPA (i.1eq) 
and bubbled with argon for about 5 min. The reaction mixture was then heated at 
stirring at 110°C for 3 h under in a closed viaL The reaction mixture was 
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concentrated by rotary evaporation and purified by column chromatography on 
silica (30g, ethylacetate/hexane 1:1). Desired product was obtained as beige- 
white powder (6Qmg, yield 64%). 

1 H-NMR (CDCb): 9.57 (brs, 1H), 9 47 (brs, 1H). 7.61 (d. 1H). 7.28 (m, 2H), 6.89 
(d, 1H). 6.79 (m, 2H), 6.70 (dd, 1H) f 6.64 (d tr, 1H). 6 56 (tr d, 1H) ( 4.45 (dd, 1H), 
4.33 (dd. 1H). 3.80 (q, 1H) f 2.59 (br tr, 1H), 1.92-1.99 (m, 1H). ). LC-MS: NT 428. 
M" 426. 

Example 4 




F 



5-(4-fluorophenoxvV2-nitropYridipe , 

5-(4-Fluorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 4-fluorophenol (0.3 g, 2.7mmol) to give 310 mg of product (54% yield). 

1 H-NMR (CDCI 3 ). 8.31 (d, -1H), 8.24 (d, 1H). 7.39 (dd % 1H), 7.08-7.22 (m, 4H). 

Exampfe 5 




F 



5-(4-f)uorophenoxvV2-Pvridinamine 



35 



05.B9.20Q2 13:54 01223^10514 
/G9/2002 12:45 MEDIUIR ICS * 00498923885270 NO. 150 



5-(4-Fluorophenoxy)-2-pyridinamine was synthesized analogously to Example 2 
from 5-(4-fluorophenoxy)-2-nitropyridine to give 270 mg of product as beige 
powder. 

1 H-NMR (CDCb): 7.88 (d, 1H), 7.17 (dd, 2H), 6.99 (m, 2H), 6.89 (m, 2HJ. 6 52 (d, 
1H),4.42 (brs, 2H). 

Example 6 




N-rnS.laR^bR^^-dmuoro-l.la^.yb-tetrahvdrocvclopropafclchromen'l-vn-N^ 
f5-M-f)uorophenoxyl~2-ovridinvl|urea | 

N-[(1 S, 1 aR, 7bR)-4,7-difluoro-1 , 1 a^^b-tetrahydrocyclopropatcJchromen-l-ylJ-N 1 - 
[5-(4-fIuorophenoxy)-2-pyridinyl]urea was synthesized analogously to Example 3 
from 5-(4~fluorophenoxy)-2-pyridinamine (50 mg, 0.24 mmol) to give 20 mg of 
pure product as white powder (21% yield). 

1 H-NMR (CDCb): 9.40 (brs, 1H). 9.05 (br s, 1H). 7.52 (d, 1H). 7.23 (dd. 1H). 
7.00-7.08 (m % 2H) t 6.86-6.94 (m, 2H). 6.73-6.82 (m, 2H), 6.56 (d tr, 1H), 6.56 (tr d. 
1H), 4.44 (dd, 1H), 4.33 (dd, 1H). 3 78 (q. 1H), 2.59 (br fr, 1H), 1.02-1.99 (mi 1H)i 
LC-MS: Wf 428, M" 426. 

Example 7 



3S 
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5-(3-chlorophenoxvV2-nitfOpyridine . 

5-(3-Chlorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 3-chlorophenol (0.35g, 2.7 mmol) to give 280 mg of product (45% yield). 

1 H-NMR (CDCI 3 ): B.36 (d. 1H), 8.27 (d. 1H), 7.46 (dd. 1H),>.40 (app dd, 1H). 
7.29 (ddd . 1H), 7.02 (ddd. 1H), 7.14 (app dd, 1H). 

Example 8 ' 




5-(3-chlorophenoxvV2-pyridinamine 

5-(3-Chlorophenoxy)-2-pyridinarnine was synthesized analogously to Example 2 
from 5-(3-chlorophenoxy)-2-nitropyridine to give 80 mg of white powder after 
purification by column chromatography on silica (30 g. EtOAc). Yield 32%. 

1 H-NMR (CDCfe): 7.90 (app dd, 1H), 7.25-7.31 (m, 1H) ( 7.15-7.22 (m, 2H), 6.98- 
7.05 (m, 1H), 6.89-6.95 (m, 1H). 6.50 (dd, 1H), 4.42 (br s. 2H). 

Example 9 
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N-f f 1S. 1 aR ,7bRM.7-difluoro-1 . 1 a.2,7b-tetrahvdrocvclODroDafc1chrQmen>1 -vll-N'- 
fS-f3-chlorophenoxvV2«pvridinyl)urea 

N-[(lS,1aR,7bR)-4.7-difluoro-1 > 1a.2 ( 7b-tst^ahyd^ocyclopropalclch^o^nen-1-yi)•N , - 
[5-(3-ch!orophenoxy)-2-pyridinyI]urea was synthesized analogously.to Example 3 
from 5~(3-chJorophenoxy)-2-pyridinamirie (54 mg, 0.24 mmol) to give/28 mg of 
pure product as white powder (28% yield). 

'H-NMR (CDCb): 9.46 (brs. 1H), 9.34 (br s, 1H), 7.59 (d. 1H), 7.23-7.29 (m, 
~2H), 7.09 <m. 1H). 6.91 (m. 1H). 6.86 (d, 1H), 6.75-6.84 (m, 2H), 6.56 (d tr. 1H), 
4.46 (dd, 1H), 4.33 (dd. 1H), 3.80 (app. q, 1H). 2.69 (br tr, 1H); 1.96 (m, 1H). 
LC-MS: M*410. W408. 

Example 10 




3- r(6-nitro-3-pvridinynoxy]benzonitrile 

5-(3-Cyanophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 3-hydroxybenzonitrile (0.32g. 2.7 mmol) to give solid material after the 
reaction mixture was mixed with water, which v/as collected by filtration and 
washed with ether to give 188 mg of yellow crystals (32% yield). 
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1 H-NMR (CDCI 3 ): 8.39 (d, 1H), 8.30 <d, 1H), 7.60 (app. dd. 2H). 7.50 <dd, 1H). 
7.42 (m , 1H). 7.35-7.40 (m r 1H). 

Example 1 1 




3«[(6~aminO"3-pyridinvnoxy1benzonitrile ■•. 

3-[(6-amino.3-pyridinyl)oxy}benzonitriie was synthesized analogously to Example 
2 from 3-I(6-nitro-3-pyridinyI)oxy]benzonitrile to give 31 mg of beige powder after 
purification by column chromatography on silica (30 g, EtOAc). Yield 19%. 

1 H-NMR (CDGI 3 ): 7.90 (d, 1H), 7.36-7.41 (m, 1H), 7..32 (d tr, 1H). 7.14-7.22 (m, 
-3H),6.S6 (d, 1 H). 4.65 (br s, 2H). 

Example 12 




F 



^{(IS^aR^bRM.T^ifluoro-l.la.a^b-tetrahvdrocvcloorooafclchromen-l-vl^N^ 
f5-(3-cvanophenoxy)-2-pvridinYnurea 
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N-I(1 S,1 aR,7bR)-4,7-difluoro-1 , 1 a,2,7b-tetrahydrocyclopropa[c|chromen-1 -ylJ-N'- 
|5-(3-ehlorophenoxy)-2-pyridinyl]urea was synthesized analogously to Example 3 
from 3-((6-amino-3-pyridinyl)oxy]benzonitrile (33 mg. 0.15 mmol). Solid material 
formed in the reaction mixture was collected by filtration and washed with ethanol 
to give 1 5 mg of pure product as slightly beige powder (25% yield). 

1 H-NMR (CDCI 3 ): 9.35 (br s, 1H), 7.65 (br s. 1H). 7.61 (d. 1H), 7.38-7.48 (m. 2H), 
7.27 (dd, 1H), 7.16-7.20 (m. 2H), 6.78-6.86 (m. 1H), 6.71 (d. 1H). 6.59 (d tr. 1H). 
4.48 (dd, 1H), 4.33 (dd, 1H), 3 82 (q, 1H). 2.62 (brtr. 1H), 1.98 (m. 1H). 
LC-MS: WT435, M"433. 

Example 13 




4- H6-nitro-3 -Dvridinvnoxvlbenzonitriia 

5- (3-Cyanophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 3-hydroxybenzonitrile (0.7g, 2.7 mmol) to give 555 mg of product (48% 
yield). 

1 H-NMR (CDCI 3 ): 8.40 (d. 1H). 8.32 (d. 1H), 7.77 (d, 2H), 7.56 (dd. 1H). 7.20 (app 
.d, 2H). Lc-MS: M" 300 (+CH 3 COO'). 

Example 1 5 



40 



NO. 151 




CN 



4- r(6-amtno-3-Dvridinvno xv1benzonitrile. 

5- (3-ChIorophenoxy)~2-pyridinamine was synthesized analogously to Example 2 
from 4-[(6-nitro-3-pyridinyl)oxy]benzonitrile (40 mg) to give 31 mg of brown oil. 

1 H-NMR (COCI 3 ): 7.92 (d, 1H), 7.58 (app d, 2H), 7.21 (dd, 1H), 6.97/ (app d. 2H), 
6.58 (d, 1H) l 4.66(brs l 2H). 

Example 14 



N>^^S > 1aR.7bR^47-difl^o^o>1.^a.2.7b-tetrahvdrocvcloDropafc^chromen^1>vlVN , - 
fS-f4-cvanoDhenoxvV2-pyridinvnurea 

N-[(1S t 1aR,7bRM,7-difluoro-1 l 1a l 2 l 7b-tetrahydrocycIopropa[c]chronaen-1-yl^N , - 
[5-(3-chIorophenoxy>-2-pyridinyljurea was synthesized analogously to Example 3 
from 3-[(6-amino-3-pyridinyl)oxy]benzonitri!e (54 mg, 0.24 mmol) to give 18 mg 
(yield 31%) of product as white powder after additional purification by preparative 
HPLC (XTerra MS C18 19x100 mm column, water/acetonitrife with 0.05% 
trifluoroacetic acid). 
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; 'H-NMR (CDCl 3 ): 9.41 (br s. 1H), 9.30 (br s, 1H), 7.66 (d. 1H), 7.63 (app d. 2H), 
7.30 (dd, 1H) 4 6.96 (app d. 2H), 6.89 (d, 1H), 675-6.83 (m. 1H), 6.57 (tr d, 1H), 
4.48 (dd, 1H), 4.32 (dd. 1H). 3.81 (q, 1H). 2.62 (br tr, 1H), 1.98 (m, 1H). 

Example 16 




5-(2-fluoroph enoxy)-2~nitropyridine 

5-(4~Fluorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 4-fluorophenol (0.3 g f 2.7mmol) to give 326 mg of product (57% yield). 

'H-NMR (CDCIa): 8.34 (d, 1H), 8.25 (d. 1H), 7.38 (ddd. 1H), 7.22-7.34 (m, 4H). 

t 

Example 17 




5-(2-fluorophenoxvV2-pvridinamine 

5-(4-Fluorophenoxy)-2-pyridinam»ne was synthesized analogously to Example 2 
from 5-(4-f1uorophenoxy)-2-nitropyridine (326 mg) to give 200 mg (70%yield) of 
product as white crystals after purification by column chromatography op. silica (25 
g. EtOAc/hexane 1:1). 
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1 H-NMR (CDCI3): 7.90 (d, 1H) r 7.10-7.20 (m % 2H), 7.00-7.06 (m. 2H). 6.88-6.95 
(m. 1H). 6.50 (d. 1H), 4.55 (br s, ~2H). 

Example 18 




N-rMS.1aRJbRV4T-difluoro-1.1a.2/7b-tetfah^^ 
[5-(2-fluorophenoxvV2-pvridinvl1urea 

" N-t(1SJaR.7bR)-4J-difluoro-1 Ja,2Jb4et^ahyd^ocyclop^opa[c]chromen-1-y^J-N , - 
[5-(4-fluorophenoxy)-2-pyridinyl]urea was syntnesized analogously to Example 3 
from 5-(4-fluorophenoxyV2-pyridinamine (50 mg, 0.24 mmol) topive 60 mg of 
pure product as white powder (64% yield). ; 

1 H-NMR (CDCI 3 ); 9.40 (brs. -1H). 9. 39 (brs. ~1H), 7.53 (d, 1H), 7.07-7.2S (m. 
. 4H), 6.93-7.00 (m, 1H), 6.84 (d, 1H). 6.74 (app d tr, 1H), 6.53 (tr d. 1H), 4.43 (dd. 
1H), 4.33 (dd, 1H). 3.78 (app q, 1H), 2.57 (br tr, 1H), 1.90-1.97 (m, 1H). LC-MS: 
WT428, M" 426. 

Example 19 




F 



5-^5-difluofODhenowV2-nitropvridine 
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5-(4-Fluorophenoxy)-2-nitropyridine was synthesized analogously to Example 1 
from 2,5-difluorophenol (0 35 g, 2.7mmol) to give 400 mg of product (64% yield). 

'H-NMR (CDCI 3 ): 8.35 (brd. 1H). 8.28 (d, 1H). 7.44 (dd. 1H), 7.24-7.28 (m. 1H). 
6.96-7.06 (m, 2H). 

Example 20 




5-(2.5-difluorophenoxv)-2-Dvridinamine 

5-(4-Fluarophenoxy)-2-pyridinamine was synthesized analogously to Example 2 
from 5-(2,5-difluorophenoxy)-2-nitropyridine to give 370 mg of product as beige 
powder. 

'H-NMR (CDCb): 7.92 (d, 1H). 7.21 (dd, 1H), 7.06-7.14 (m. 1H). 6.67-6.74 (m, 
1H), 6.56-6 52 (m. 1H>, 6.53 (d, 1H). 4.44 (br s, 2H). 

Example 21 




F F 
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N-rns.1aR.7bR^-4.7-difluoro-l.la.2.7b-tetrahvdrocvcloprQ paffi| chromen-.i-vl^N'- 
fS-(2.5-difluoroDhenoxvW2-pvridinvl1urea 

N-[(1S.1aR.7bR)-4,7-difluoro-i.1a,2,7b-tetrahydrocyclopropa(c]chromen-l-yl]-N'- 
(5-(2,5-dif)uorophenoxy)-2-pyridinylJurea was synthesized analogously to 
Example 3 from 5-(2.5-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to 
give 40 mg of pure product as white powder (41% yield). 

^H-NMR (CDCI 3 ): 9.50 (br s, 1H). 9.45 (br s. 1H). 7.61 (d. 1H). 7.28 (dd. ~1H). 
7.10-7.18 (m. 1H). 6.86 (d. 1H>. 6.75-6.84 (m. 2H). 6.61-6.66 (m. 1H). 6.56 (tr d, 
1H). 4.46 (dd, 1H). 4.32 (dd. 1H), 3.82 (q. 1H). 2.59 (br tr. 1H). 1.93-1.99 (m, 1H). 
LC-MS: M'446, M* 444. 

Example 22 




« 



5-(3 . 5-d ifluo roDhenoxvV2-nitro pyri dine 

5-(3.5-Difluorophenoxy)-2-nitropyridine was synthesized analogously to Example 
1 from 3,5-difluorophenoi (0.35 g. 2.7mmol) to give 210 mg of product (34% 
yield). 

1 H-NMR (CDCI 3 ): 8.38 (d, 1H), 8.30 (d. 1H), 7.55 (dd. 1H). 7.76 (tr tr. 1H), 7.63- 
6.70 (m. 2H). 

Example 23 
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5-f3.5-dif)uorophenoxYV2-pyridinamine 

5-(3 % 5-Difluorophenoxy) 7 2-pyridinamine was synthesized analogously to Example 
2 from S-^.S-difluoraphenoxy^-nitropyridine to give about 200 mg of product as 
brown-beige powder. 

1 H-NMR (CDCI 3 ): 7.92 (d, 1H). 7.19 (dd. 1H). 6.54 (d, 1H), 6.39-6.51 (m. 2H), 
4.75 (brs, 2H). 

Example 24 



N-f ( 1 S. 1 aR .7bRM.7-difluoro-1 . 1 a. 2.7b>tetrahvdrocvc)oproDafc1chromen-l -vfl-N- 
f5-(3.5-difluorophenoxvV2~pvridinvl1urea 1 

NKOS.IaRJbRMJ-difluoro-l l 1a.2 l 7b-tetrahydrocyclopropa(c)chromen-1-yl]-M , - 
l5-(2.5-difluorophenoxy)-2-pyridinyl]urea was synthesized analogously to 
Example 3 from 5-(2,5~difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to 
give 60 mg of pure product as white powder (61% yield). 




4d 



NO. 



. 1 H-NMR (CDClj): 9.70 (brs. 1H), 9.45 (brs. 1H), 7.65 (d. 1H). 7.28 (dd, 1H). 6.90 
(d, 1H), 6.77-6.85 (m. 1H), 6.51 -6 61 (m, 2H), 6.39-6.46 (m. 2H). 4.48 (dd. 1H). 
4.32 (dd, 1H). 3.83 (q. 1H), 2.60 (brir. 1H), 1.94-2.10 (m. 1H). 

Example 25 




5-(2.3-difluoroohenoxvV2-nitropyridine 

5-(2.3-Difluorophenoxy)-2-nitropyridine was synthesized analogously to Example 
' 1 from 2.3-difluorophenol (0.3 g. 2.7mmol) to give 210 mg of product as white • 

# 

powder (34% yield). ' 

/ 

'H-NMR (CDCi 3 ): 8.37 <d, 1H) t 8.27 (d ? 1H). 7.45 (dd, 1H), 7.13-7.23 (m, 2H), 
7.13-7.02 (m. 1H). 

Example 26 




5-(2.3-dffluoroDhenoxvV2-Dvridinamine 

5-(2,3-Difluorophenoxy)-2-pyridinamine was synthesized analogously to Example 
2 from 5-(2>3-difluorophenoxy)~2-nitropyridine (210 mg) to give 180 mg of product 
as brown powder. 
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'H-NMR (CDCI 3 ): 7.92 (d, 1H), 7.20 (dd. 1H), 6.84-6.99^, 2H), 6.62-6.68 <m. 
1H). 6.52 (dd ( 1H), 4.40 (brs, 2H). 



Example 27 




H // 

,»-C /=\ 



N4nS.1aR.7bRW4.7- dinuoro-1.1a.2.7b-tetrahvdrocvcloorooarclchrornen.1-vl}-N'- 
f5-(2.3-difluorophenoxvV2-pvridinyl]urea 

/ 

N-[(1 S.1 aR,7bR)r4.7-diftuoro-1 , 1 a,2 Jb-tetrahydrocyclopropa[c]chronien- 1 -yl]-N'- 
[5-(2,3-difluorophenoxy)-2-pyridinyl]urea was synthesized analogously to 
Example 3 from 5-(2.3-difluorophenoxy)-2-pyridinamine (55 mg. 0.24 mmol) to 
give 50 mg of pure product as white powder (51% yield). 

1 H-NMR (CDCb): 9.49 (br s, ~1H), 9.40 (br s. -1H). 7.58 (d. 1H). 7.27 (dd. ~1H). 
9.93-7.0B (m. 2H), 6.86 (d, 1H), 6.74-6.81 (m. 1H). 6.66-6.72 (m, 1H). 6.56 (tr d, 
1H), 4.45 (dd. 1H). 4.32 (dd. 1H). 3.82 (q. 1H), 2.59 (br tr. 1H); 1.92-1.99 (m, 1H). 
. LC-MS: M*446, M* 444. 

Example 28 




F 



S-(3.4-difluorophenoxvV2-nitropyridine 
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5-(3,4-Difluorophenoxy)-2-nitropyridine was synthesized analogously to Example 
1 from 3,4-difluorophenol (0.35 g. 2.7mmol) to give 230 mg of product (37% 
yield)." 

^-NMR (CDCI 3 ): 8.33 (d, 1H). 8.27 (d, 1H). 7.44 (dd. 1H). 7.23-7.31 (m. *,H). 
6.97-7.03 (m. 1H), 6.85-6.91 (m, 1H). 

Example 29 




F 

5-f3.4-difluoroohenoxvl-2-pvridinamine 

5-(3,4-Difiuorophenoxy)-2-pyrldinamine was synthesized analogously to Example 
2 from 5V(3.4-difluorophenoxy)-2-nitropyridine (230 mg) to give 160 mg of product 
as brown oil. 

'H-NMR (CDCb): 7.89 (d, 1 H). 7.19 (dd. 1H), 7.07 (app q, 1H). 6.72-6.79 (m, 1H). 
6.61-6.67 (m, 1H). 6.54 (d, 1H). 4.46 (br s. 2H). 

Example 30 




49 



05.09.2002 14:01 0122|^10514 
05/09/2002 12:54 MEDIUIR^P • ICS •» 00498923885270 



NO 



N-r(1S.1aR.7bRM.7-difluorb-1.1a.2.^^ 
f5-(3.4-diTluoroohenQXvV2-Pvridinvl1urea 

N-[(lS,1aRJbR)A7-difluoro~1,1a.27b-te^^ 

15-(3,4-difluorophenoxy)-2-pyridinyl]urea was synthesized analogously to Example 
3 from 5-(3.4-difluorophenoxy)-2-pyridinamine (55 mg, 0.24 mmol) to give 60 mg 
of pure product as white powder (61% yield). 

^-NMR (CDCt 3 ): 9.50 (br s, -1H)> 9.45 (br s, HH), 7.60 (d, 1 H), 7.25 (dd. -1H). 
7.12 (app q. 1H), 6.87 (d, 1H). 6.73-6.83 (m. 2H), 6.62-6.68 (id, 1H). 6.56 <t' d. 
1H), 4.46 (dd, 1H), 4.32 (dd, 1H). 3.82 (q. 1H), 2.60 (br tr, 1H), 1.93-2.00 (m. 1H). 
LC-MS:M*446,M-444. 

Example 31 



2-fluoro-4-ff6-nitro-3-Pvridinvnoxvlben2onitriie 

2-Fluoro-4-l(6-nitro-3-pyridinyl)oxy]ben2onitrile was synthesized analogously to 
Example 1 from 2-fluoro-4-hydroxybenzonitrile (0.37 g, 2.7mmol) to give 80 mg 
(13% yield) of product after additional purification by preparative HPLC (XTerra 
MS C18 19x100 mm column, water/acetonitrile with 0.05% trifluoroacetic acid). 

1 H-NMR (CDCI 3 ): 8.43 (d, 1H), 8.37 (d, 1H) f 7.67-7.76 (m, 2H) ( 6.97-7.04 (m. 2H). 

Example 32 




CN 
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N — ^ ^ ^ 



CN 



4-ff6-amino-3-Pvridinvnoxv1-2>fluorobenzonitrile 

4-[(6-arnino-3-pyridinyl)oxy}-2-fluoroben2onitrile was synthesized analogously to 
Example 2 from 2-fluoro-4-{(6-nitro-3-pyridiny!)oxy]benzonitriie (70 mg) to give 58 
mg of product as a dark brown oil. 

1 H-NMR (CDCU): 7.91 (d. 1H), 7.53 (dd, 1H) t 7.21 (dd. 1H), 6.80 (dd, 1H). 6.71 
(dd. 1H). 6.59 (d, 1H), 4.70 (br s. 2H). 

Example 33 




N-fMS. 1 aR.7bRV4.7-difluoro-1 . 1 a t 2.7b>tetrahvdrocvcloprooafc]chromen>1 -yl]-N'- 
f5-te^yano-3-fluorophenoxvV2-pvridinvl1urea ) 

N-[(1 S, 1 aR^bRMJ-difluoro-l .1 a,2 Jb-tetrahydrocyclopropa[c]chromen-1 -yIJ-N'- 
[5-(4-cyano-3-fluorophenoxy)-2-pyridinyl]urea was synthesized analogously to 
Example 3 from 4-[(6-amino-3-pyridinyl)oxy]-2-fluorobenzonitrile (58 mg, 0.24 
mmol) to give 46 mg of pure product as white powder (46% yield). 
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'H-NMR (CDCI 3 ): 9.77 (br s. -r1H),. 9.45 (br s, ~1H). 7.70 (d, 1H), 7.58 (app tr, 
1H). 7.32 (app dd, 1H). 6.93-6.99 (m, 1H), 6.75-6.85 (m, 2H), 6.70 (app d tr, 1H), 
6.54-6.62 (m. 1H). 4.50 (dd, 1H), 4.31 (dd. 1H), 3.85 (brq. 1H), 2.63 (br tr. 1H). 
1.96-2.03 (m, 1H). LC-MS: M*453. M* 451. • 

Example 34 ' 




2-nitro-5-f2.4.6-trifluoroDhenQxy)pyridine 

i ^ 

I 

2-nitro-5-(2.4 i 6-trifluorophenoxy)pyridin9 was synthesized analogously to 
Example 1 from 2,4,6-triflucrophenol (0.4 g, 2.7mmol) to give 310* mg of product 
(47% yield). 

'H-NMR (CDCb): 8.36 (d, 1H), 8.28 (d, 1H), 7.42 (dd, 1H), 6.89 (app tr, 2H). 
Example 35 




F 



5-(2.4 T 6»trifluoroohenoxyV2>Dvridinylamine 

4-I(6-amino-3-pyridinyl)oxy]-2-fIuorobenzonitrile was synthesized analogously to 
Example 2 from 2-nrtro-5-(2A6-trifluorophenoxy)pyridine (310 mg) to give 280 mg 



52 



122321051 4 

Ifjj^fc ICS f 00498923885270 



05.09.2002 14:02 01223 210514 

15^09/2002 12:54 MEDIUiq^ 4 ^ . nam HCK 



of product as brownish powder after purification by filtration through the short pad 
of silica. 

'H-NMR (COCb): 7.83 <d. 1H), 7.15 (dd, 1H). 6.77 (app tr, 2H), 6.48 (d, 1H). 
Example 36 




N4hS.1aR.7bRl-4/7 -difIuoro-1.1a.2.7b^ 
r5-f2.4.6-trifluorophenoxy^2-Dvridinyllurea 

N-l(1SJaR/7bR)-4.7-difluoro-1Ja,2J^^ 

[5-(2A64rifluorophenoxy)-2-pyridinyl]urea was synthesized analogously to 
Example 3 from 5-(2A6-trifluorophenoxy)-2-pyridinylamine (59 mg. 0.24 mmol) to 
give 25 mg of pure product as white powder (24% yield). 

1 H-NMR (CDCIa): 9.40 (br s, 1H), 9.10 (br s. 1M). 7.51 (d, 1H). 7.23 (dd. 1H), 
6.72-6.87 (m, 3H), 6.55 (tr d. 1H) ? 4.44 (dd. 1H>, 4.31 (dd. 1H). 3.83 (q, 1H). 2.58 
(br.tr. 1H) t 1.91-1.98 (m, 1H). LC-MS: M*464, WT 462. 

Example 37 
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ns.laRJbRMJ-difluoro-l.la^Jb^etrahvdro^^ 
t (1S,1aR7bSMJ-difluora-1,1a,27b-tetrah 

carboxylic acid (O.Sg, 2.2mmol, - 95% ee) was mixed with toluene (3 ml), 
triethylamine (0.34 ml 1.1eq). DPPA (0.52 ml. 1.1eq) and bubbled with argon for 
about 5 rnin. The reaction mixture was then heated at stirring at 120°C for 1.5 h 
under argon. The temperature was then decreased to 50°C and a mixture of 3 ml 
of 10% hydrochloric acid in 10 ml dioxane was added. The reaction mixture was 
stirred for 2 h at 50°C and then concentrated by rotary evaporation. The residue 
was mixed with water ant diethyl ether. Water phase was collected and basified 
with 28% aqueous ammonia to pH 11 and extracted into ether (3x20 ml). 
Combined organic phases were washed with water and brine and dried over 
magnesium sulfate. Concentration by rotary evaporation gave 310 mg of crude 
product as yellow orange oil. The product was purified by column chromatography 
on silica (30 g. EtOAc/hexane 1 .2) to give 220 mg of colorless oil (50% yield). 

1 H-NMR (CDCla): 6.85 (ddd. 1H), 6.60 (tr d. 1H), 4.51 (dd, 1H), 4.33 (dd. 1H), 
2.97 (tr, 1H).2.28(apptr,1H), 1.71 (m. 1H), 1.23 (brs t 2H). 

Example 3B 




5^3-f)uorophenoxvV2-tsothiocvanatopvridine 
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5-(3-Fluorophenoxy)-2-pyridinamine (210 mg, 1 mrnol) was dissolved in dry 
degassed methylene chloride (5 ml) and thiophosgene (0.11 ml. 1.3 rnmol) was 
added through syringe during 5-10 min to the stirred solution. Pyridine (0.18 ml, 
2 rnmol) was added to the reaction mixture right after the addition of thiophosgene 
and the reaction mixture was stirred at ambient temperature for 1.5-2 h. Then the 
reaction mixture was poured Into water (15 ml) and extracted into methylene 
chloride (3x20ml). Organic extract was washed with water and brine and dried 
over magnesium sulfate. Solvent was then removed by rotary evaporation and the 
oil obtained was purified by column chromatography on silica (30 g, 
EtOAc/hexane 1:3) to give 190 mg of pure product as dark brown-purple solid- 
Yield 75%. 

'H-NMR (CDCI 3 ): 8.20 (d, 1H), 7.30-7.37 (m. 2H), 7.10 (d. 1H). 6.89 (ddtr. 1H), 
6.80 (app dd, 1H), 6.74 (d tr, 1 H). 

/ 

Example 39 




4-f(6"isothiocyanato>3-pyridinynoxy]ben2onitrile 

4-[(6-lsothiocyanato-3-pyridinyt)oxy)benzonitrile was synthesized analogously to 
Example 3B from 4-l(6-amino-3-pyridinyl)oxyJbenzonitrile (275 mg, 1.3 rnmol) to 
give 160 mg of pure product as brown-beige powder (49% yield). 

'H-NMR (CDCI 3 ): 8.25 (d, 1H). 7.67 (app d, 2H), 7.41 (dd. 1H). 7.15 (d. 1H). 7.06 
(appd,2H). 
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Example 40 




24sothiocvanato-5^3»pvridinvloxv^Dyridine 

2-lsothiocyanato*5-(3-pyridinyloxy)pyridine was synthesized analogously to 
Example 38 from S-(3-pyridinyloxy)-2-pyridinamine (200 mg. 1 mmol) to give 110 
mg of pure product as orange-pink oil (45% yield). 

1 H-NMR (CDCI 3 ): 8.43 (tr t 1H). 8.42 <tr, 1H). 8.22 (d, 1H), 7.31-7.36 (m, 3H), 7.11 
(appd.lH). LC-MS:M + 198. 

Example 41 




N4(1S.1aR.7bRMJ-difluoro~1.1a.2.7b-tetrah^ 
f5-(3-fluoroDhenoxvV2-DvridinvHthiourea 

(1S,1aR l 7bR)-4J-difluoro-l .1a,2.7b-tetrahydrocyciopropa[clchromen-1-amine (20 
mg, 0.1 mmol) was dissolved in dry acetonitrile (1 ml) and 5-(3-fluorophenoxy)-2- 
isothiocyanatopyridine (25 mg t 0.1 mmol) was added and the reaction mixture 
was stirred at ambient temperature for 12 h. The precipitate formed was collected 
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by filtration and washed with acetonitrile and diethyl ether to give 17 mg 
(38%yield) of pure product as beige powder. 

'H-NMR (CDCI 3 ): 8.21 (br s, 1H), 7.45 (br d, 1H), 7.28-7.34 (m, 2H), 6.87 (d tr, 
1H), 6.79 (tr d. 1H); 6.72 (app dd. 1H), 6.56-6.69 (m. 3H), 4.46 (dd, 1H). 4.34 (dd, 
1H),4.17 (brq, 1H), 2 72 (brtr. 1H), 2.06-2.13 (m, 1H). 

Example 42 




N- f(1S t 1aR.7bRV4 7>difluoro>1,1a.2.7b-tetrahvdrocycloorooafc1chromen-1-vp>N > 
[5,f4^yanophenoxy)-2-pyridinynthiourea 

N-[(1S,1aR,7bR)-4,7-difluoro-1 ,1a,2 t 7b-tetrahydrocyclopropalc]chromen-1-yl]-N'- 
[5-(4-cyanophenoxy)-2-pyrid*myl}thiourea was synthesized analogously to 
Example 41 from 4-l(6-isothiocyanato-3-pyridinyt)oxy]benzonitrite (52 mg, 0.2 
mmol) to give 80 mg (88% yield) of pure product as beige-white powder. 

^-NMR (CDCb): 1 1.50 (d, 1H), 9.78 (s, 1H), 7.65 (app d. 2H) t 7.53 (d. 1H), 7.35 
(dd. 1H), 7.00 (d. 1H). 6.98 (app d. 2H), 6 78 (d tr, 1H), 6.59 (d tr, 1H), 4.48 (dd. 
1H), 4.33 (dd. 1H). 4.19 (brq, 1H). 2.74 (brtr, 1H). 2.08-2.16 (m, 1H). LC-MS: M" 
449. 

Example 43 
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N 



F 



N-fnS■1aR■7bRV4■7-d^flUQ^Q-1■1a■2■7b-tetrahvdrocvclODroDa^c^chromen-1-v^^N•- 
f5-(3-Dvridinvloxv)-2-ovridi nvllthiourea 

N-K 1 S ,1 aR,7bR)-4,7-difluoro-1 .1 a.27b-tetrahydrocyclopropa[c]chromen-1 -ylJ-N'- 
[5-(3-pyridinyloxy)-2-pyridinyl]thiourea was synthesized analogously to Example 
41 from 2-isothiocyanato-5-(3-pyridinyloxy)pyridine (58 mg, 0.25 mmol) to give 40 
mg (37% yield) of pure product as beige powder. 

1 H-NMR (C0CI 3 ): 1 1.48 (d, 1 H), 9.47 (br s. 1 H), 8.42 (dd. 1 H). 8.39* (d. 1H). 7.45 
(d, 1H), 7.32 (app dd. 2H), 7.24 (ddd, 1H), 6.90 (d, 1H). 6.78 (app d tr. 1H), 6.57 
(dtr, 1H),4.46(dd, 1H). 4.33 (dd, 1H). 4.18 (brq, 1H), 2.72 (br tr, 1H). 2.28 (app 
ddd, 1H). LC-MS: M' 427, M" 425. 

Example 43A 



N-(1S.1aR.7bS*)-4.7-difluoro-1.1a2.7b-tetrahvdrocvdoDropafc1chromen-1-vn-N'-f5- 
(pyiidinyloxy)-2-pyridinvnurea 

(1S, 1aR.7bSH.7-difluoro-1 . 1 a.2.7b-tetrahydrocyclopropalc]chromene-1-carboxylic 
acid (226 mg. 1.1 mmol). 5-(pyridine-3-yloxy)-pyridine-2-ylamine, DPPA 227 pL (97 
%) and triethylamine 140 uL were dissolved in 
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Toluene (3mL) and heated to reflux for 3 h. The solvent was removed and the crude 
product was dissolved in ethyl acetate and washed with HCl d q (0 01 M), water and 
brine. Purification by chromatography (silica gel, ether~2% methanol -*ether-5% 
methanol) gave pure product (80 mg, 20 %) 

1 H-NMR (CDCIa-MeOD): 9.4 (Br S, 1H), 8.49 (broad s. 1H), 8.40-8.37 (m. 2H), 7.61 
(d. 1H), 7.30-7-27 (m, 2H), 7.23-7.19 (m, 1H), €5.82-6.76 (m, 2H), 660-6.54 (m, 1H) % . 
4.46 (dd t 1H), 4.33 (dd, 1H). 3.80 (q. 1H), 2.60 (t, 1H), 1.99-1.94, (m. 1H). 

Additional left wings. 

The following left wings are coupled to any of the above novel right hand wings 
analogously to Example 3 and/or 38 and/or 41 and/or with an activated 5-subst';tuted- 
pyridin-2-yl, such as the corresponding imidazole-1-carbothioic acid (5-subsfituted- 
pyridin-2-yl)amide as described in EP 640 143 

Example 44 / 

a) ±cfe-1 , 1 a,2.7b-Tetrahydro-cyclopropa[c]chromene-l -carboxylic acid ethyl 

ester. » 

To a mixture of 2H-chromene (4.89 g, 37 mmo!) and (CuOTf)2-benzene (186 mg, 
0.37 mmol) in 1,2-dichloroethane (80 ml) at 20 °C, was added dropwise (3h) a 
solution of ethyl diazoacetate (8.44 g, 74 mmol) in 1,2-dichloroethane (20 mL). After 
16 min at 20 P C, the reaction mixture was washed with H 2 0 (100 mL). The H 2 0 
phase was washed with CH2CI2 (50 mL) and the solvent of the combined organic 
phases was removed under reduced pressure. The crude product was column 
chrornatagraphed (silica gel, 20-^50% EtOAc in hexane), to give 1.96 g (24%) of 
drcis-lja^jb-tetrahydro-cyclopropalclchromene-l -carboxylic acid ethyl ester and 
3.87 g (48%) of *-trans-1.1 a^jb-tetrahydro-cyclopropatcjchromene^l-carboxylic 
acid ethyl ester as a byproduct. 
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•* 



'H-NMR (CDCI 3 ): 7.26 (d. 1H), 7,10 (dd, 1H), 6.90 (dd, 1H), 6.78 (d, 1H), 4.49 (dd, 
1H). 4.20 (dd. 1H), 3.97 (q, 2H), 2.44 (dd. 1H), 2.14 (dd. 1H) % 2.07-1.95 (m, 1H), 1.02 
(t 3H). 

b) (*)-c/s-1 , 1 a,2.7b-Tetrahydro-cyclopropa[cJchromene- 1 -carboxylic acid. 




A mixture of (*)-c/s-1 Ja,27^ acid 
ethyl ester (1.96 g, 9.0 rnmol). UOH (539 mg, 22.5 mmol). H 2 0 (10 mL> and WeOH 
(20 ml) was heated to reflux for 2h. The reaction mixture was concentrated to about 
10 mt, 4N HCl was added dropwise giving a white precipitate. The reaction mixture 
was extracted with CH 2 CI 2 (3x15 ml) and the solvent of the combined organic 
phases was removed under reduced pressure. The crude product was crystallized ^ 
from EtOAc/hexane, to give 435 mg (25%) of (*)-c/s-1 ,1a,2,7b-tetrahydro- 
cyclopropa[c]chromene-l-carboxylic acid as a white solid. 

'H-NMR (CDCIa): 9.80 (br s, 1H), 7.22 (d. 1H). 7.10 (dd. 1H). 6.89 (dd, 1H), 6.77 (d, 
1H), 4.45 (dd, 1H), 4.22 (dd, 1H), 2.45 (dd. 1H), 2.14-1.96 (m. 2H). 

Example 45 

a) (±)-c/s-1 , 1 a,3,7b-Tetrahydro-2-oxa-cyclopropa[a]naphthalene-i -carboxylic 
acid ethyl ester 




(*)-c/s-1 , 1 a,3.7b-Tetrahydro-2-oxa-cyclopropa[a]naphthalene-i -carboxylic acid ethyl 
ester was synthesized analogously to Example 44a from 1H-isochromene (3.57 g, 27 
mmol), to give 910 mg (15%) of (±)-c/s-l,la,3.7b-tetrahydro-2-oxa- 
cyciopropa[a]naphthalene-1 -carboxylic acid ethyl ester. 
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1 H-NMR (CDCb): 7.34 (d. 1H). 7.25 (dd, 1H), 7.18 (dd ( 1H), 7.03 (d, 1H), 4.81 <d, , 
1H), 4.51 (d. 1H) t 4.28 (dd, 1H). 3.95 (q. 2H), 2.43 (dd. 1H), 2.05 (dd f 1H). 1.04 (t, 
3H). 

b) (=)-c/s-1 ,1 a.3 f 7b-Tetrahydro-2-oxa-cyclopropa[a]naphthalene-1 -carboxylic 
acid 



(*)-c/s-1 ,1a,3.7l>Tetrahydro-2-oxa-cyclopropa[alnaphthalene-1 -carboxylic acid was 
synthesized analogously to Example 44b from (^)-c/s-l.1a,3Jb-tetrahydro-2-oxa-. 
cyclopropa[a]naphtha!ene-1 -carboxylic acid ethyl ester (436 mg, 2 mmol), to give 86 
mg (22%) of (rrVc/s-l.la.SJb-tetra^ 

carboxylic acid as a white solid. The crude product was column chromatographed 
(silica gel, 1-*5% MeOH in CH2CI2). 

1 H-NMR (CDCfe): 8.50 (br S, 1H), 7.39 (d, 1H). 7.30 (dd, 1H), 7.21 (dd. 1H), 7.07 (d, 

1H). 4.87 (d, 1H), 4.57 (d, 1H). 4.38 (dd, 1H), 2.59 (dd, 1H), 2.15<dd. 1H). 

The product of step b • 

Example 46 

(^Vc/s- 1-(5-CvanoH3vridin-2-vlV^ 
cvctopropa{c1chrofnen-1-vft-urea. 

a) l-(2-Hydroxy^-prop-2-ynyloxy-phenyl)-propan-l-one 



A mixture of 2\4-dihydroxy-propiophenone (24.9 g, 0.15 mol). 3-bromo-propyne 
(24.2 g. 0.20 mol) and K2CO3 (20.7 g, 0.15 mol) in acetone (500 mL) was refluxed for 
12 h. The reaction mixture was allowed assume room temperature and the 
precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The crude product was purified by column chromatography (silica gel, 
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0—2% MeOH in H a O). to give 26.2 g (85%) of l-(2-hydroxy-4-prop-2-ynyloxy- 
phenyl)-propan-1-one. 

1 H-NMR (CDCI 3 ): 12.80 (s, 1H). 7.69 (d, 1H). 6.52 (m. 2H), 4.72 (d. 2H), 2.96 (q, 2H). 
2.56 (t, 1H), 1.23 (t,3H). 

3b) 1-(5-Hydroxy-2H-chromen-6-yl)-propan-1-one. 




A mixture of 1-(2-hydroxy-4-prop-2-ynyloxy-phenyl)-propan-1-one (19.8 g, 97 mmol) 
and N./tf-dietnylaniiine (100 mL) was heated to reflux for 3 h. The reaction mixture 
was concentrated under reduced pressure. The crude product was purified by 
column chromatography (silica gel, 5—10% EtOAc in Hexane) and thereafter 
recrystallized from EtOAc/Hexane, to give 6.91 g (45%) of l-(5-nydroxy-2H-chromen- 
6-yl)-propah-l -one. 

» 

■ 

'H-NMR (CDCI 3 ): 13.00 (s, 1H). 7.49 (d, 1H). 6.75 (dt, 1H). 6:27 (d. 1H). 5.67 (dt. 
1H). 4.86 (dd, 2H). 2.90 (q. 2H), 1.19 (t, 3H). 



3c) 7-Hydroxy-6-propionyl-l > la l 2,7b-tetrahydro-cyclopropa[cJchromene-1. 
carboxylic acid ethyl ester. 




To a mixture of 1-(5-hydroxy-2W-chromen-6-yl)-propan-1-one (511 mg, 2.5 mmol) 
and (Rh(ll)Ac 2 )2 (1 1 mg. 0.025 mmol) in 1.2-dichloroethane (8 mL) at 20 >C, was 
added dropwise (3h) a solution of ethyl diazoacetate (571 mg, S mmol) in 1,2- 
dichloroethane (2 mL). After 15 min at 20 °C, the reaction mixture was washed with 
H 2 Q (10 mL). The H 2 0 phase was washed with CH 2 CI 2 (10 mL) and the solvent of 
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the combined organic phases was removed under reduced pressure. The crude 
product was purified by column chromatography (silica gel, 1->5% MeOH in CH 2 Cfe). 
to give 300 mg (41 %) of 7-hydroxy-6-propionyM .1a.2,7b-tetrahydro~ 
cyclopropa(c]chromene-1 -carboxylic acid ethyl ester (a 33/64 mixture of as and trans 
isomers). 

1 H-NMR (CDCI 3 ): 13:13-13.07 (m. 1H). 7.57-7.49 (m, 1H), 6.41-6.36 (m, 1H). 4.65- 
3.92 (m, 4H) f 3.01-1.95 (m, 5H), 1.29-1.08 (m, 6H). 

3d) (*)-c/s-7-Hydroxy-6-propionyl- 1 , 1 a,2 Jb-tetrahydro*cyclopropa[c]chromene-1 - 
carboxylic acid. 

c"^. / 

, ■ • 

X" ' / - 

^c/s-7-Hydroxy-6-propionyl-1 Ja^^b-tetrahydro-cyciopropatclchromene-l-carboxylic 
acid was synthesized analogously to Example 2b from 7-hydroxy-6-propionyl- 
1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-1 -carboxylic acid ethyl ester (239 mg. 
1.03 mmol, a 33/64 mixture of cis and irans isomers), to give 39.3'mg (15%) of (±)- 
cfe-7-hydroxy-6-propionyl-1 > 1a,2 l 7b-tetrahydro-cyclopropa[c}chromene-l-ca r boxylic 
acid as a white solid and (tJ-frans^-hydroxy-e-propionyM.la.ajb-tetrahydro- 
cyclopropa[c]chromene-1 -carboxylic acid as a byproduct The crude product was 
purified by column chromatography (silica gel. 1-*5% MeQH in CH2O2). 

1 H-NMR (DMSO-de): 7.67 (d, 1H) f 6.3S (d, 1H), 4.57 (dd, 1H), 4.36 (dd t 1H), 2.98 (q, 
2H). 2.55-2.46 (m, 1H), 2.18-2.00 (m, 2H), 1.10 (t. 3H). 

Example 47 

a) 1 -(2-Hydroxy-4-prop-2-ynyIoxy-phenyl)-ethanone 
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1-(2-Hydroxy-4-prop-2-ynyioxy-phenyl)-ethanone was synthesized analogously to 
Example 46a from 1-(2,4-dihydroxy-phenyl)-ethanone (20 g. 131 mmol). to give 22 g 
(88%) of 1-(2-hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone. 

1 H-NMR (CDCI 3 ): 12.70 (s, 1H), 7.66 (d. 1H), 6.52 (m. 2H), 4.72 (d. 2H). 2.53-2.55 
(m. 4H). 

b) H5-Hydroxy-2rt-chromen-6-yl)-ethanone 




1-(5-Hydroxy-2H-chromen-6-yl)-ethanone was synthesized analogously to Example 
46b from 1-(2-hydroxy-4-prop-2-ynyloxy-phenyl)-ethanone (17 g. 89 mmol), to give 
6.6 g (35%) of 1-(5-hydroxy-2H-chromen-6-y!)-ethanone. 

1 H-NMR (CDCI 3 ): 12.92 (s, 1H), 7.51 (d. 1H), 6.79 .(dt, 1H), 6.32 (d, 1H). 5.71 (dt. 
1H). 4.89 (dd. 2H). 2.55 (s, 3H). 

4c) 6-Acetyl-7-hydroxy-1 , 1 a,2.7b-tetrahydro-cyclopropa[c]chromene-1 -carboxylic 
acid ethyl ester 




i! J b 

"On 



6-Acetyl-7-hydroxy-1.1a.2.7&-tetfahydro-cyclopropa[c]chromene-1-carboxylic acid 
ethyl ester (a 40/60 mixture of c/s and trans isomers) was synthesized analogously to 
Example 46c from 1-(5-hydroxy-2H-chromen-6-yl)-ethanone. 

'H-NMR (CDCb): 13.05-12.97 (m. 1H). 7.54-7.47 (m. 1H). 6.43-6.33 (m. 1H). 4.63- 
3.94 (m, 4H), 3.02-1 .96 (m. 6H). 1 .31-1 .06 (m, 3H). 
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d) 6-Acetyl-7-hydroxy-1 . 1 a.2,7b-tetrahydro-cyclopropa[c]chromene-1. C arboxylic 
acid. 




6-Acetyl-7-hydraxy-l , 1 a.2,7b-retrahydro-cyc!opropa[c]chromene-1 -carboxyiic a aid 
was synthesized analogously to Example 44b from 6-acetyl-7-hydroxy~1,1a,2.?b- 
tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester (2 g, 8.1 mmoi. a 
40/60 mixture of c/s and trans isomers), to give 300 mg (17%) of 6-acetyl-7-hydroxy- 
l.1a.2,7b-tetrahydro-cyclopropalcjchromene-1 -carboxyiic acid (a 40/60 mixture of cis 
and trans isomers). The crude product was purified by column chromatography (sil:ca 
gel. 1-*5% MeOH in CH 2 CI 2 ) 

1 H-NMR (CDCI3): 7.55-7.45 (m. 1H). 6.45-6.30 (m. 1H). 4.65-4.00 (M, 2H). 3.05-*, . 95 
<rn. 6H). / ■ 

f 

Example 48 

5a) 1-(4-nuoro-2-prop-2-ynyloxy-pheny|)-propan-1-one. 




To a mixture of NaH (95%. 278 mg. 1 1 mmol) in DMF (20 mL) at 0 °C, was added 1- 
(4-fluoro-2-hydroxy-phenyl)-propan-1-one (1.68 g. 10 mmol) in DMF (5 mL). After 15 
min at 0 *C. was 3-bromo-propyne (3.02 g. 20 mmol) added to the reaction mixture. 
After 1h at 0 °C, was the reaction mixture allowed to assume room temperature. The 
reaction mixture was extracted with H z O (100 mL). The H 2 0 phase was washed with 
Et 2 0 (3x100 mL) and the solvent of the combined organic phases was removed 
under reduced pressure: The crude product was purified by column chromatography 
(silica gel. CH 2 CI 2 ), to give 1.40 g (68%) of 1-(4-fluoro-2-prop-2-ynyloxy-phenyl}- 
propan-1-one. 
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1 H-NMR (CDCI 3 ): 7.64 (dd, 1H), 6.69 (dd. 1H), 6.60 (ddd, 1H), 4.68 (d, 2H), 2.85 (q, 
2H). 2.58 (t,1H). 1.03 (t,3H). 

b) 1-(5-Fluoro-2H-chromen-8-yi)-propan-1-one. 




1-(5-Fluoro-2H-chromen-6-yl)-propan-1-one was synthesized anaiagously to 
Example 46b from 1-(4-fluoro-2-prop-2-ynylox^'-phenyl)-propan-1-one (1.34 g, 6.5 
mmol), to give 619 mg (46%) of 1-(5-fluoro-2H-chromen-B-yl)-propan-1-one. 

1 H-NMR (CDCI 3 ): 7.60 (dd, 1H), 6.67-6.58 (m. 2H). 5.8S (dt, 1H). 4.76 (dd, 2H). 2.93 
(q, 2H). 1.23 (t 3H). 

i 

c) (s)-c/s-7-Fluoro^-propiG^ 
carboxylic acid ethyl ester. 

(*)-c/s-7-Fluoro-4-prQpionyl-1 , 1 a,2 l 7b-tetrabydro-cyclopropa[c]chromene-1 -carboxylic 
acid ethyl ester was synthesized according to method 46c) from 1-(5-fluoro-2H- 
chromen-8-yl)-propan-1-one (619 mg. 3 mmot). to give 142 mg (16%) of (±>cfe-7- 
fluoro^-propionyl-l.la^Jb-tetrahydro-cyclopropalclchromene-l-carboxytic acid 
ethyl ester and (^Hrans-T-fluoro^-propionyl-l^ia^Jb-tetrahydro- 
cyclopropa[c]chromene-1 -carboxylic acid ethyl ester as a byproduct. 

1 H-NMR (CDCI 3 ): 7.59 (dd, 1H), 6.65 (m, 1H) f 4.50-4.46 (m, 2H), 3.95 (q % 2H); 2.89 
(q. 2H), 2.57 (dd, 1H), 2.20 (dd, 1H), 1.13-1.03 (m. 1H), 1.12-1.01 (m, 6H>. 
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5d) (*)-c/s-7-Fluoro-4-propionyM , 1a,2,7b-tetrahydro-cydopropa(c]chromene-1 - 
carboxyiic acid. 




(*)-c/s-7-Fluoro-4-propionyl-1 ,1a,2,7b-tetrahydro-cyclopropa[c]chromene-l-carbo>cyljc 
acid was synthesized analogously to Example 44b from (*)-cfs-7-fluoro-4-propionyl- 
1.1a,2,7o-tetral5ydro-cyclopropa[c]chromene-1-carboxylic acid ethyl ester (140.3 mg. 
0.48 mmol), to give 83 mg (65%) of (*)-cfe-7-fluoro-4-propionyl-1.la.2,7b-tetrahydro- 
cyclopropalc]chromene-1 -carboxyiic acid as a white solid. The crude product was 
purified by column chromatography (silica gel. 1-»5% MeOH in CH 2 CI 2 ). 

'H-NMR (DMSO-de): 12.15 (br s. 1H), 7.46 (dd, 1H), 6.78 (dd. 1H). 4.57 (dd, 1H). 
4.43 (dd. 1H). 2.93-2.80 (m. 2H), 2.55 (dd. 1H). 2.24 (dd. 1H). 2.20-2.10 (m. 1H). 
1.02 (t,3H). ,• ' 

f 

% 

'* Example 49 \ ' 

a) 6-Fluoro-2-hydroxy-3-methoxy-benzatdehyde. * 

1M boron trichloride in dichloromethane (25 ml; 25 mmol) was added to a solution of 
6-fIuoro-2,3-dimethoxy-benzaldehyde [Cantrell, Amanda S.; Engelhardt, Per; 
Hoegberg, Marita; Jaskunas, S. Richard; Johansson. Nils Gunnan etal.; 
J.Med.Chem.; 39; 21; 1996; 4261-4274] (4.26 g; 23 mmol) in dichloromethane (30 
ml) keeping the reaction temperature at-7Q C The reaction mixture stirred at room 
temperature overnight and hydrolyzed with water. The organic phase was separated, 
washed with water and evaporated in vacuo. The residue was chromatograched 
(silica gel. EArHex, 5:1) to give 3.72 g (94%) of 6-fluoro-2-hydroxy-3-methoxy- 
benzaldehyde as yellow crystals. 

'H-NMR (CDCIa): 1161 (s. 1H). 10.23 (s, 1H). 7.02 (dd, 1H), 6.55 (app. t, 1H) f 3.87 
(s. 3H). 

b) 5-Fluoro-8-methoxy-2H-chromene. 
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6-Fluoro.2-hydroxy-3-methoxy.berizaldehyde (3.32 g, 19 mmol) was dissolved in 
acetonitrile (20 mi) and DBU (2.97 ml. 19 mmol) was added followed by 
vinyltriphenylphosphine bromide (7.2 g. 19 mmol). The reaction mixture was heated 
under reflux for 4Bh, diluted with water and extracted with ether (3x50 ml). The 
organic phase was washed with water, 10% sodium hydroxide, water and brine and 
evaporated in vacuo. The residue was submitted to column chromatography (silica 
gel, EA:Hex, 1 :20) yielding 1 .2 g of 5-fluoro-8-methoxy-2H-chrornene (34%). 

1 H-NMR (CDCb): 6.65 (m, 2H), 6.54 (t, 1H), 5.83 (dt. 1H). 4.88 (dd, 2H). 3.83(s, 3H). 

c) W-c/s^-Fluoro^methoxy-l.la^Jb-tetranydro-cyclopropafclchromene-l- 
carboxylic acid ethyl ester. 

The title compound was synthesized analogously to example 46c from 5-fluorc-8- 
methoxy-2H-chromene. 

'H-NMR (CDCI 3 ): 6.7-6.5 (m, 2H), 4.48 (m, 2H), 5.99 (m % 2H) t 3.80 (s, 3K) f 2.57 
(app.t 1H), 2.20 (app.t, 1H), 2.05 (m, 1H), 1.08 (t, 3H). 

d) (^-c/s^-Fluoro^methoxy-IJa^Jb-tetrahydro-cyclopropalclchromene-l- 
carboxylic acid. 

The title compound was synthesized analogously to example 44b from (*)-c/s-7- 
fluoro-4-rnethoxy-1 , 1 a,2.7b-tetrahydro-cyclopropa[c)chromene-1-carboxylic acid ethyl . 
ester. 

'H-NMR (CDCI 3 ): 6.7-6.5 (m, 2H), 4.48 (m. 2H). 3.80 (s, 3H), 2.61 (app. t, 1H). 2.17 
(app.t, 1H), 2.06 (rn. 1H). 

e) (*)-c/s-1-(5-Cyano-pyridin-2^^ 
cyclopropa[c]chromen-1 -yl)-urea. 

The title compound was synthesized analogously to Example 44c from (s:)-c/s-7- 
fluoro-4-methoxy-1 , la^Jb-tetrahydro-cyclopropafclchromene-l-carboxylic acid (62 
mg. 0.1 7 mmol) . Yield 38 mg (40%). 
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'H-NMR (CDCl 3 ): 10.06 (br. s. 1H). 9.40 (br. d. 1H). 8.11 (d. 1H). 7.70 (dd. 1H). 6.91 
(d, 1H), 6.68 (m. 2H), 4.48 (dd, 1H), 4.28 (dd, 1H). 3.90-3.72 (m. 4H). 2.64 (app T 
1H). 1.96 (m. 1H). 

Example 50 

a) 1-Chloro-4-fluoro-2-prop-2-ynyloxy-benzene. 

The title compound was synthesized analogously to example 15a) from 2-chloro-5- 
fluorophenol (2.5 g). Yield 2.8 g (90%). 

'H-NMR (CDCb): 7.32 (dd. 1H). 6.65 (dd. 1H). 6.68 (m, 1H). 4.77 (d, 2H) 2 58 (i 
1H). 

7b) 5-Fluoro-8-chloro-2H-chromene. 

The title compound was synthesized analogously to Example 15b) from 1-chloro-4- 
fluoro-2-prop-2-ynytoxy-benzene (2.8 g). Yield 0.97 g (35%). » 

n H-NMR (CDCIa): 7.09 (dd. 1H), 6.63 (dt, 1H). 6.55 (t. 1H). 5.84 (dt. 1H), 4.95 (dd 
2H). • 

/ 

c) ±c/s-7-Ruoro.4^chloro-l , 1 a. 2.7b-tetrahydro-cyclopropa[c]chromene-1 - 
carboxylic acid ethyl ester. 

The title compound was synthesized analogously to Example 1Sc) from 5-Fluoro-8- 
chloro-2H-chromene. 

1 H-NMR (CDCI 3 ): 7.14 (dd. 1H), 6.60 (t, 1H). 4.51 (m. 2H), 4.01 (m. 2H), 2.60( app. t. 
1H). 2.23 (t. 1H), 2.09 (m, 1H), 1.08 (t, 3H). 

d) (*)-c/s-7-Fluoro-4-chloro-1 . 1 a.2,7b-tetrahyaro-cyclopropa[c]chromene-1 - 
carboxylic acid. 

The title compound was synthesized analogously to example 15 d) from (*),c/s-7- 
fluoro-4-chloro-1 , 1 a.2.7b-tetrahydro-cyc!opropalc]chromene-l -carboxylic acid ethyl 
ester 850 mg). Yield 43 mg (96%). 
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'H-NMR (CDCI 3 ): 8.86 (br. S. 1H), 7.13 (dd, 1H). 6.59 (t, 1H), 4.50 (m, 2H), 2.63 (t, 
1H). 2.23-2.05 (m,2H). 

Example 51 

a) Trifluoro-methanesulfonic acid 4-formyl-3-hydroxy-phenyl ester. 

A solution of triflic anhydride (1.77 ml, 10.5 mmol) in dichloromethane 10 ml) was 
added to. a mixture of 2.4-dihydroxybenzaldehyde (1 36 g. 10 mmol) and pyridine 
(0.85 ml. 10.5 mmol) r in dichloromethane (30 ml) at-70C. Dry ice bath was removed 
arid the reaction mixture was stirred for 2h at room temperature. The reaction mixture 
was diluted with dichloromethane. washed with water, brine and evaporated in vacuo. 
The crude product was purified by column chromatography (silica gel, EA:Hsx. 1:6) 
to give 1.55 g of trifluoro-methanesulfonic acid 4-formyl-3-hydroxy-pheny1 ester 
(57%). 

/ 

/ 

t 

n H-NMR (CDCb). 1 1 .28 (s. 1 H), 9 93 (s. 1 H). 7.67 (d. 1 H). 6.95 (m, 2H). 

b) Trifluoro-methanesulfonic acid 3-allyloxy-4-formyl-phenyl ester. 
Potassium carbonate (1.6 g. 11.5 mmol) and allyl bromide (1 ml, 11.5 mmol) were 
added to a solution of trifluoro-methanesulfonic acid 4-formyl-3-hydroxy-pheny! ester 
(1.55 g. 5.7 mmol) in acetone (50 ml). The reaction mixture was stirred at 55C for 2h. 
filtered and evaporated in vacuo. The residue was chromatographed (silica gel. 
EAHex. 1:20) to give 1.3 g (73%) of trifluoro-methanesulfonic acid 3-allyloxy-4- 
formyl-phenyl ester. 

'H-NMR (CDCI 3 ): 10.47 (s, 1H), 7.93 (d, 1H). 6.95 (dj 1H), 6 90 (s. 1H). 6.05 (m. 1H). 
5.47.(d, 1H). 5.40 (d. 1H). 4.69 (d. 2H). 

c) Trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-phenyl ester. 
Methyitriphenylphosphonium bromide (195 g. 5.45 mmol) was added to a 
suspension of sodium hydride (60% in oil) (0.25 g. 6 3 mmol) in THF (35 ml; at 0C 
and it was stirred for 30 min at room temperature. To the above solution was added 
solution pf trifluoro-methanesulfonic acid 3-allyloxy-4-formyl-phenyl ester (1 .3 g. 4.2 
mmol) in THF (15 ml), and the reaction mixture was stirred for 2h at room 
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temperature. The reaction mixture was diluted with hexane and extracted with water. 
Organic phase was washed with brine and evaporated Silica gel column 
chromatography (EA:Hex. 1:20) afforded trifluoro-methanesulfonic acid 3-al!y!oxy-4- 
vinyl-phenyl ester (0.68 g. 53 %). 

'H-NMR (CDCI 3 ): 7.51 (d, 1H). 7.02 (dd. 1H). 6.85 (dd. 1H). 6.77 (d. 1H), 6.05 (m. 
1H). 5 76 (dd. 1H). 5.43(m, 1H). 5.3?. (m, 2H). 4.58 (dt. 2H). 

d) Trifluoro-methanesulfonic acid 2H-chromen-7-yl ester. 

To a solution of trifluoro-methanesulfonic acid 3-allyloxy-4-vinyl-phenyl ester (0.68 g. 
2.2 mmol) in dichloromethane (5 ml) was added Ru-catalyst (Grubb's catalyst) (36 
mg. 2 mol%), and the reaction mixture was stirred for 2h at room temperature Alter 
that period the reaction was complete (GC) and the reaction mixture was used in the 
next step without any work-up. Analytical sample was obtained after removal of the 
solvent by silica gel column chromatography (EA:Hex. 1:20). 

1 H-NMR (CDCI 3 ): 6.97 (d. 1H). 6 76 (dd. 1H). 6 68 (d, 1H). 6.39 (dt. 1H). 5.81 (dt. 
1H).4.98(dd. 2H). 

e) ac/s-5-Trifiuoromethanesulfonyloxy-1 . 1a.2.7b-tetrahydro- 
cyclopropa[clchromene-l-carboxyiic acid ethyl ester. 

Rh(OAc) 2 (19 mg. 2 mol%) was added to the above solution (10d) and the solution 
of EDA (0.44 ml, 4.4 mmo!) in 1 ml of dichloromethane was added with a syringe 
pump over 5h at room temperature. When the reaction was complete (GC) 
dichloromethane was evaporated, the residue was dissolved in ethyl acetate and 
washed with saturated ammonium chloride solution and brine. Organic phase was 
evaporated and crude mixture of cis- and trens-isomers (1:1.3) was separated by 
column chromatography (silica gel. EA:Hex, 1:6) to give 0.4 g (50%) of *c/s-5- 
trifluoromethanesulfonyloxy-1 . 1 a .2.7b-tetrahydro-cyclopropa[c]chromene-1- 
carboxylic acid ethyl ester. » 

'H-NMR (CDCI 3 ): 7.29 (d, 1H). 6.82 (dd. 1H). 6.73 (d. 1H), 4.51 (dd. 1H), 4.29 (dd. 
1H), 3.98 (m. 2H). 2.45 (t. 1H). 2.19 (t. 1H). 2.05 (m. 1H). 1.03 (t. 3H). 
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0 ±c/s-5-Cyano-1 l 1a.27b4etrahydro-cyclopropa[c]chromene-l-carboxylic acid 
ethyl ester. 

±c/s-5~Trifluoromethanesulfonyloxy-1 .la.ajb-tetrahydro-cyclopropalcjchromene-l- 
carboxylic acid ethyf ester (154 mg, 0.42 mmol). Pd(OAc) 2 (9 mg. 10 mo!%) and 
PPh 3 (44 mg f 40 mol%) were mixed in DMF (4 ml) and gentle stream of nitrogen 
passed through reaction mixture for 10 min. Zn(CN)2 (74 mg, 0.63 mmol) was added, 
vial was sealed and the reaction mixture was stirred at 120C overnight. The reaction 
mixture was diluted with ethyl acetate and extracted with saturated ammonium 
chloride. Organic phase was evaporated and residue chromatographed (silica gel, 
EA Hex 1:5) to give 53 mg (52%) of *cfe-5-cyano-1 Ja.^b-tetrahydro- 
cydopropatcjchromene-l-carboxylic acid ethyl ester. 

'H-NMR (CDCI 3 ): 7.33 (d, 1H). 7.19 (dd, 1H), 7.05 (d f 1H), 4.50 (dd. 1H), 4.25 (dd. 
1H), 3.99 (q, 2H) ( 2.46 (t, 1H), 2.25 (t, 1H). 2.11 (m, 1H). 1.06 (t 3H). 

g) *c/s-5-Cyano-1 Ja,2,7t>-tetrahydro-cyclopropa[c]chromene-1-carboxyl!c acid. 
^cfe-S-Cyano-l^a^Jb-tetrahydro-cyclopropalclchromene-l-carbdxylic acid ethyl 
ester (53 mg. 0.22 mmol) and NaOH (35 mg, 0.88 mmol) were dissolved in mixture 
methanol water (1:1) (5 ml). Reaction mixture was stirred at 60C for 30 min. Methanol 
was evaporated in vacuo and 20 ml of water was added. Resulting solution was 
extracted with ether. Water phase was concentrated, acidified with 1M HCI to pH-2 
and extracted with ether. The organic phase was washed with brine and evaporated 
to give 42 mg (90%) of xc/s-5-cyano-1,1a f 2,7b-tetrahydro-cyclopropaIc]chromene-1- 
carboxylic acid. 

1 H-NMR (CDCb): 7.33 (d, 1H), 7.19 (dd, 1H). 7.06 (d,'1H), 4.51 (dd, 1H). 4.31 (dd.. 
1H) T 2.53 (app. t t 1H), 2.27 (app. t, 1H) t 2.16 (m, 1H). 

Example 52 . 

a) *c/s-5-TrimethylsilanylethynyM^ 
carboxylic acid ethyl ester. 

*c/s-5-Trifluoromethanesulfonyloxy^l r 1a > 2,7b-tetrahydro-cyclopropa[c]chromene--1- 
carboxylic acid ethyl ester (152 mg, 0.41 mmol), DPPP (38 mg, 20 moi%), Pd(dba) 2 
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(24 mg. 10 mol%). Cul (3 mg. 4 mol%) were mixed in 3 ml of triethylamine and gentle 
stream of nitrogen passed through reaction mixture for 10 min. Trimethylsilyt- 
acetytene (0.088 ml. 0.62 mmol) was added, viai was sealed and the reaction mixture 
was stirred at 120C overnight. The reaction mixture was diluted with ethyl acetate, 
washed with water, brine and evaporated. The residue was purified by silica gel 
column chromatography (EA:Hex, 1:15) to give 0.1 g (77%) of xc/s-5- 
trimethylsilanylethynyl-1 ,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-1-carboxylic acid 
ethyl ester. 

'H-NMR (CDCI 3 ): 7.15 (d. 1H). 7.01 (dd. 1H). 6.88 (d. 1H). 4.47 (dd. 1H). 4.16 (dd. 
1H). 3.96 (q. 2H). 2.38 (t. 1H), 2.13 (t. 1H). 2.01 (m. 1H). 1.04 (t. 3H). 0.22 (s. 9H). 

b) *c/s-5-ethynyl-1 . 1 a,2,7b-tetrahydro-cyciopropa[c]chrornene-l -carboxylic acid. 
ac/5-5-Trimethylsilanylethynyl-1 .ia.2,7b-tetrahydro-cyclopropalc]chromene-1- 
carboxylic acid ethyl ester (0.1 g, 0.32 mmol) and sodium hydroxide (0.076 g. 1 .9 
mmol) were dissolved in mixture of methanol.water (1:1) (5 ml). The reaction mixture 
was heated at 60C for 5h. then it was acidified with 1M HCl to pH~2 and extracted 
with ether. The organic phase was washed with brine and evaporated to give 66 mg 
(97%) of ) *c/s-5-ethynyl-i , 1 a.2,7b-tetrahydro-cyclopropa[c)chromene-1 -carboxylic 
acid. 

'H-NMR (CDCI 3 ): 7.17 (d. 1H). 7.03 (dd. 1H). 6.91 (d. 1H). 4.45 (dd, 1H). 4.23 (dd. 
1H). 3.02 (S. 1H). 2.46 (t. 1H). 2.13 (t. 1H). 2.07 (m. 1H). 

Example 53 

*c/s-W5-Acetvl-1 . 1 a.2.7b.tetra hvdro-cvcloorooafclchromen-1-vn-3-^5-cvano-ovridln- 
2-yl)-urea 

a) atc/s-5-Acetyl-1 , 1 a.2,7b-tetrahydro-cyclopropa(c]chromene-1 -carboxylic acid 
ethyl ester. 

AC/s-5-Trifluoromethanesulfonyloxy-1.1a.2,7b-tetrahydro-cyclopropa[c)chromene-1- 
carboxylic acid ethyl ester (117 mg. 0.32 mmol). DPPP (7.3 mg. 50 mol%). Pd(OAc) 2 
(2 mg. 25 mol%) and triethyl amine (0.09 ml. 0.64 mmol) were mixed in DMF (3 ml) 
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and gentle stream of nitrogen passed through reaction mixture for 10 min Butyl vinyl 
ether (0.21 ml, 1.6 mmol) was added, vial was sealed and the reaction mixture was 
stirred at 100C for 2h. 5% HCI (5 ml) was added and the reaction mixture was stirred 
at room temperature for 30 min. Resulting mixture was extracted with ethyl acetate. 
The organic phase was washed with saturated ammonium chloride and evaporated. 
The residue was purified by silica gel column chromatography (EA:Hex. 1:5) to give 
76 mg (91%) of ^c/s-S-acetyMJa^Jb-tetrahydro-cyclopropalclchromene-l- 
carboxylic acid ethyl ester. 

1 H-NMR (CDCb):7.52 (dd, 1H), 7.36 (d/IH), 7.34 (d. 1H), 4.51 (dd, 1H) t 4.21 (dd, 
1H). 3.98 (q, 2H) f 2.53 (s. 3H). 2.47 (t, 1H). 2.23 (t, 1H), 2.08 (m, 1H), 1.05 (t. 3H). 

b) *c/s-5-Acetyl-1 .la,2.7b-ietrahydro-cyclopropa[cjchromene-1-carboxy!ic acid. 
The title compound was synthesized analogously to example 51 g from ^c/s-5-acetyl- 
1,1a r 2,7b-tetrahydro-cydopropa[c]chromene-1-carboxylic acid ethyf'ester (76 mg t 29 
mmol).Yield 66 mg (97%). 

1 H*NMR (CDCI 3 ): 7.52 (dd, 1H). 7.37 (d. 1H). 7.34 (d, 1H). 4.52 (dd, 1H), 4.26 (dd, 
1H), 2.55 (s, 3H), 2.53 (t, 1H), 2.25 (t, 1H), 2.13 (m. 1H). 

Example 54 

±c/s-5-Methoxy-i Ja^Jb-tetrahydro-cyclopropatcJchromene-l-carboxylic acid. 

The title compound was synthesized analogously to example 51 from 2-hydroxy-4~ 
methoxybenzaidehyde. 

Example 55 

a) /V-AcetyM ,2-dthydroquinoline. 

Quinoline (19.37g. 150 mmol) was dissolved in anhydrous diethyl ether (500 ml) and 
cooled to 0 °C under inert atmosphere. DIBAL, 1.5 M in toluene (100 ml. 150 mmol) 
was added dropwise over 2 hrs and the reaction mixture was stirred at 0 Q C for 30 
min. Acetic anhydride (500 ml) was added dropwise over 30 min and the reaction 
mixture was stirred at 0 °C for 30 min. H 2 0 was added cautiously. The reaction 
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mixture was extracted with diethyl ether and concentrated to give A/-acetyM,2- 
dihydroquinofine (1 1 .5 g. 44 %). 

b) *cis-(A/-acetyl-1 ,1a.2,7b-tetrahydro-cyclopropa[c]quinoline)-1-carboxy!ic acid 
ethyl ester 

*cis-(A/-acetyM ,1 a,2,7b-tetrahydro-cyclopropa[c]quinoline)-1 -carboxylic acid ethyf 
ester was prepared according to the procedure described in example 44a, from AA- 
acetyl-1,2-dihydroquinoJlne (10 g, 58 mmol) The product was purified by column 
chromatography on silica (EtOAc/hexane 5%-*50%) to give scis-f/V-acetyl-Ua^.Tb- 
tetrahydro-cydopropa[c]quinoline)-1^carboxylic acid ethyl ester (2.0 g. 13 %}. 

c) atcis-(/V~AcetyM . 1 a^jb-tetrahydro-cyclopropalcjquinoline^l-carboxylic acia. 
*cis-(A/-Acetyl-1 Ja^^b-tetrahydro-cyclopropaJcJquinolineJ-l-carboxylic acid (425 
mg, 24 %) was prepared according to the procedure described in example 44b, from 
*cis-(AAacetyl-1 . 1 a, 2 l 7b-tetrahydro-cyclopropa(c]qui noline)-1 -carboxylic acid ethyl 
ester (2.0 mg, 7.7 mmol) . 

Example 56 ' 
a) 2,4-Difluoro-2-propynyioxybenzene. 




Commercially available 2 4 5-difluorophenol (20 g , 0.15 mol), K2CO3 (53 g % 0.38 mol) 
and commercially available 3-bromopropyne (45 g, 0.38 mol) were dissolved in 
acetone (300 ml), refluxed overnight, cooled and filtrated. The solvent was removed 
and the crude product, dissolved in ether and washed with water and brine. The 
organic phase was evaporated and the crude product was re-dissolved in a small 
amount of ether and filtrated through a column of basic AI2O5. Evaporation and drying 
gave20 g (80 %) of 2 t 4<Hfluoro-2-prop-ynyloxy-benzene 
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b) 5,8-Difluoro-2H-chrornene. 




2,4-Difluoro-2-propynyloxyben2ene (20 g, 0.12 mol) was dissolved in /V, A/. -diethyl 
aniline (100 ml) and heated under argon atmosphere at 225 deg. Celeius with an oil- 
bath for 6- 8 h. Ether (150 ml) was added and the aniline was removed by extraction 
using 2 M HCI (aq j. Purification by chromatography (silica gel, n-hexane) gave 5,8- 
difiuoro-2W-chromene 5.8 g (29 %) 

c) +/- c/s-4,7-Difluoro-1 1 la^.Tb-tetrahydro-cyclopropalclchromene-l-carboxylic 
acid ethyl ester. 

5,8-Difluoro-2H-chromene (5 g. 0.03 mol), (Rh(ll)Ac 2 ) 2 (0.39 g, 0.00089 mol) was 
dissolved in 1.2-dichloroetbane (60 ml) or ethanol-free chloroform. Ethyl diazoacstate 
(9.4 ml, 0089 mol) in the same solvent was added dropwise over a period of 
approximately 5 h under N2 atmosphere. The solvent was then removed under 
vacuum and the mixture was taken upp in ethyl acetate, washed with NaHC03(aq). 
water and brine and the solvent removed. The product (33 % cis. 66 % trans) was 
purified by hromatography (0 10 % ethyl acetate in n-hexane) to give 2.2 g of the 
title compound ( 30 %). 

d) c/s-4,7-Difluoro-1 t la^Jb-tetrahydro-cyclopropalclchromene-l-carboxylic 
acid. • 




C/s^tJ-Difluoro-l, la^jb-tetrahydro-cyciopropalcjchromene'l-carboxylic acid ethyl 
ester (2 g. 0.008 mol) was heated in 1M UOH in methanol-water (25 %) at 80 deg. for 
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2 b. The volume was reduced to half and acidified. Extraction with ether followed by 
chromatography (silica Qe i, ether) gave pure title compound (35 %) 

Example 57 

Additional Intermediate 
a) 6-Fluorochroman-4-ol 




6-Fluorochroman-4-one (10 g. 61 mmol) was dissolved In elhanol (100 ml). NaBH 4 
(excess) was added and cooled on icebath. The mixiure was then left In room 
temperature for 2h, folowed by reflux for 4 h. Purification by chromatography (silica 
gel. ether-hexane. 1:5) gave 8. g (60 %) pure 6-fluoro-chroman-4-o,l/ 



b) 6-Fluoro-2H-chromene 




6-Fluorochroman-4-oi (8 g, 48 mmol) and toluene-4-sulphonic acidn (1g) were 
dissolved in toluene and refluxed over-night with subsequent water removal. The 
mixture was then cooled and washed with NaHC0 3 (aq) and purified by 
chromatography (silica gel. n-hexane) to give 4.2 g (52 %) of pure 6-fluoro-2H- 
chromene. 

c) +/ - c »s-6-Fluoro.1,1a.2Jb-tetrahydro-cyclopropaIc]chr 0 mene-1-carboxylicacid 
ethyl ester 




00,51 
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This Compound was prepared analogously to c/s-4.7-Difluoro-1, la,2.7b-tetrahydro- 
cyclopropalc]chromene-1 -carboxylic acid ethyl ester but using 6-fluoro-2H-chromene 
to give 1.9 (29 %) of the title compound. 

d) C/s-6-Fluoro-1 .. 1 a.2 J.b-tetrahydro-cyclopropa[c]chromene-1 -carboxylic acid 
This compound was prepared analogously to c/s-4.7-difluoro-1, 1a,2,7b-tetrahydro- 



cyclopropa{c}chromene-1 -carboxylic acid but using cis-6-fluoro-l,1a,2,7b-tetriahydro- 
eyclopropa[c]chromene-1-carboxylic acid ethyl ester (1.9 g. 8 mmol) to give 350 mg 
(21 %) of pure cfe-6-fluoro-1 . ia.2.7b-tetrahydro-cyclopropatc]chromene-1-carbox7lic 
acid 

/ 

i 

e) i-Bromo-4-fluoro-2-prop-2-ynyloxy-benzene / 

/ 

£ J 

This compound was prepared analogously to 2,4-difluoro-2-prop-ynyloxy-benzene 
but using 2-bromo-5-fluorphenol (15 g, 78 mmol) to give 1-bromo-4-fluoro-2-prop-2- 
ynyloxy-ben2ene 15.6 g (87 %) 



f) 2-Bromo-4-fluoro-1-prop-2-ynyloxy-benzene 




This compound was prepared analogously to 2.4-difluoro-2-prop-ynyloxy-benzene 
but using 2-bromo-4-fluoro-phenol (15 g. 78 mmol) to give 2-bromo^-fluoro-1-prop-2- 
ynyloxy-benzene 15. g (84 %). 
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9) 1.3-difluoro-5-prop-2-ynyloxy-benzene 

9' — % 




This compound was prepared analogously to 2.4-difluoro-2-propynyloxybenzene but 
using 3,5-difluoro-phenol (14 g, 107 mmol) to give l,3-difluoro-5-prop-2-ynyloxy- 
benzene 12 g (67 %). 



h) B-Bromo-6-fluoro-2H-chromene 




This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (15 
g, 65 mmol ) of 2-bromo-4-fluoro-l-prop-2-ynyloxybenzeneto give the title compound 
(7g.46%) 



i) 8-Bromo-5-fluoro-2H-chromene 




This compound was prepared analogously to 5.8-difluoro-2H-chromene but using (15 
g. 65 mmol ) of 1-bromo-4-flucro-2-prop-2-ynyloxybenzene to give the title 
compound (3.7 g, 25 

j) 5,7-Difluoro-2H-chromene 




This compound was prepared analogously to 5,8-difluoro-2H-chromene but using (18 
g. 107 mmol) of 1 ,3-difluoro-5-prop-2-ynyloxybenzene and P.EG-200 as solvent to 
give the title compound (4 g, 23 %). 
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K) +/- c/s-4-Bromo-6-fluoro-1, 1a f 2.7b-tetrahydro-cyclopropa[c]chromene-1- 
carboxylic acid ethyl ester 




This compound was prepared analogously to +/- c/s-4,7-difluoro-1, 1a.2.7b- 
tetrahydro-cyclopropa(c]chromene-1-carboxylic acid ethyl ester but using 5 g (22 
mmol) of 8-bromo 6-fluoro-2W-chromene to give 1 .9 g (30 %) of cis-6-fluoro- 
1 Ja^Jb-tetrahydro-cyclopropalclchrpmene-Vcarboxylic acid ethyl ester. 

I) +/- cfe-4-Bromo-7-fiuaro-1 , 1a t 2 Jb-tetrahydro-cyclopropa[c]chromene-1- 
carboxylic acid ethyl ester 



•JO 



ii - 1 

This compound was prepared analogously to +/- c/s^J-diflu6ro-1rla.2/7b- 
tetrahydro-cyclopropa[c]chromene-1-carboxylic acid ethyl este.r'but using 3.5 g (15.3 
mmol) of 8rbromo-5-fluoro-2H-chromene to give 1.6 g (33 %) of +/- c/s-4-bromo-7- 
fluoro-1, ia P 2,7b-tetrahydro-cydopropa[c]chromene-1 -carboxylic acid ethyl ester. 

m) V- c/s-5 t 7-Difluoro-1 ( la^jb-tetrahydro-cyclopropalcjchromene-l-carboxylic 
acid ethyl ester. 



COaEi 




This compound was prepared analogously to +/- c/s-4,7-difluoro-1 , 1a,2,7b- 
tetrahydro-cyclopropa[c)chromene-1 -carboxylic acid ethyl ester but using 2 g (12 
mmol) of 5,7-difIuoro-2W-chromene to give 0.9 g (29 %) of +/- c/s-57-difluoro-l, 
1a f 2.7b'tetrahydro^cyclopropa(c]chromene-1 -carboxylic acid ethyl ester. 

Example 58 
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a) Resolution of the racemi'c c/s-y-fluoro-A-chloro-l.la^^b-tetrahydro- 
cyclopropalc]chromene-1-carboxylic acid. 

0.32 g (1.32 mmol) of racemic c/s^-fiuoro^-chloro-Ua^.Tb-tetrahydro- 
cyclopropafc]chromene-1-carboxyiic acid was dissolved in hot acetonitrile (50 ml) and 
(1R.2R)-2-benzyloxycyclopentylamine (0.25 g, 1.32 mmol) was added. The resulting 
solution was left for crystallization. After few hours the mother liquor was decanted 
and crystals were washed with acetonitrile. The second crystallization from 
acetonitrile gave 92 mg of pure diastereomeric salt. Tne salt was treated with 1M HCI 
and resulting mixture was extracted with ethyl acetate. The organic phase was 
washed with water, brine and evaporated to give 0.05 g of enantiomeric c/s-7-fluoro- 
4-chloro-1 , la.^Tb-tetrahydro-cyclopropalclchromene-l-carboxyhc acid. 



Example 59 

♦Ac/s-A/^S^cvano^Dvridinvh^-M.y^dichlorcK 1 , 1 a.2.7b- ' 
tetrahvdrocvclQDroDafc1chromen>1-vnurea f 

a) 1 ,4-dichloro-2-(2-propynyloxy)benzene 

CI 

2 I 5-Dichlorophenol (8 g, 49 mmol) was mixed with potassium carbonate (13.6 g, 98 
mmol) and 80% solution of propargyl bromide in toluene (1 1 ml, 98 mmol) in acetone 
(100 ml) and stirred overnight at room temperature. The precipitate was removed by 
filtration and washed with acetone. The acetone solution obtahd was concentrated 
by rotary evaporation and kept under vacuum for 5 h. the product was obtained as 
yellow oil with quantitative yield. It was used for futher transformations without 
additional purification. 



b) 5,8-dichloro-2f/-chromene 
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1,4-Dichlbro-2-(2-propynyloxy)benzene was degassed and heated at stirring under 
argon for 4 h at 224°C. The reaction mixture was then distilled in Kugelrohr apparatus 
(150-175°C/4.1x10: 2 mbar) to give 3.58 g of desired product as white solid. Yield 36% 
from starting dichlorophenol. 

c) -t-/-c/s-ethyl 4.7-dichloro-l t i a,2 Jb-tetrahydrocydopropa[c)chromene-1- 
carboxylate 

c , cooet 

.<q' • 

c» 

5,8-Dichloro-2H-chromene (3.15 g, 16 mmol). (Rh(ll)Ac 2 ) 2 (30 mg. 6.1 mol %) was 
dissolved in degassed dry methylene cnloride (3 ml). Ethyl diazoa'cetate (3 ml. 2 eq.) 
in the same solvent was added by a syringe at the flow rate 0.4 ml/h over a period of 
^approximately 5 h under N 2 atmosphere. The reaction mixture was then washed with 
NH«CI (aq), water and brine and the solvent removed, the product (45 % cis, 55 % 
trans) was purified by chromatography on silica (200g. ethyl acetate/n-hexane 1:15) 
to give 0.9 g of the pure cis product (racemate). Yield 20 %. MT=287. 

^H'NMR (CDCI 3 ): 7.15 (d. 1H. J=8 5Hz). 6.91 (d. 1H, J=8.8Hz). 4.59 (dd. 1H. 
J,=12.02, J 2 =7.03), 4.48 (dd, 1H. J 1 -12.02. J 2 =4.10), 4.07-3.94 (m. 3H). 2.62 (t, 1H. 
J=8.8Hz),.2.27 (t,.1H, J=8.36Hz). 2.20-2.12 (m, 1H), 1,1 (t. 3H), 

d) +Ac/s-4,7-dichloro-1,la,2,7b-tetrahydrocyclopropa[c)chromene-l-carboxylic 
acid 
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I 

+/-c/s-Ethyl 4,7-dichloro-l .1 a,2.7b-tetrahydrocycJcpropa[c]chromene-1-carboxylat^ 
was mixed with methanol (3 ml) and water solution of NaOH (1.5 eq.. 3 ml) and 
heated at stirring for 1.5 h at 60*0. The extraction of basic reaction mixture into 
hexane showed that no starting material present. The reaction mixture was acidified 
with excess of 3M HCI solution (pH=1 ) The precipitate formed was collected by 
suction and washed with water. White solid obtained was dried under high vacuum 
(yield 80%). 

Example 59A 

a) 5-chloro-2-fluorophenol 

F 

' OH 




CI 

5-Chloro-2-fluoroaniline (10g, 68 mmol) was dissolved in 6M sulfuric acid and cooled 
in ice/brine bath to -5°C. The solution of NaNQ 2 (5.2 g, 76 mmol) in minimum amount 
of water was added dropwise to the stirred suspension at the temperature riot higher 
then -2°C. After the addition dear yellow solution formed was allowed to stir for 
additional 30 min at cooling. CuSGv, was dissolved water (80 ml) and mixed with 
sulfuric acid (32 ml). The diazonium salt solution was added dropwise to the 
preheated (160°C) cuprous sulfate solution and the product was removed from the 
reaction flask by steam distillation. The reaction took about 2 h to be complete. The 
water/phnol solution was extracted into ether, washed with brine and dried over 
Na2S0 4 . Concentration gave 4g of crude phenol (40%). 

b) 4-chloro-1 -fluoro-2-(2-propynyloxy)benzene 
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51 

4-Chloro-1-fluoro-2-(2-propynyloxy)benzene was synthesized analogously to 

Example 33a from (4 g. 27 mmol) 4-chloro-1-fluorophenol to give 4.6g of product i 

(purified by column chromatography on silica, ethyl acetate/n-hexane 115) as yellow 

oil Yield 90%. 

c) 5-chloro-8-fluoro-2H-chromene 




5-Chloro-8-fluoro-2H-chromene was synthesized analogously to Example 33b) from 
4-chloro-1-fluoro-2-(2-propynyIoxy)benzene (4.6 g. 25 mmol) to give 1 g of product 
(purified by column chromatography on alumina, ethyl acetate/n-hexane 1:15) a% 
colourless oil. Yield 22%. 

d) -ethyl +/«c/s-7-chloro-4-f iuoro-1 , 1 a,2,7b-tetra hydrocyclopropalc]chromene- 1 - 
carboxylate 

COQEt 




o 

F 

Ethyl +Ac/s-7-chloro-4-fIuoro-1 . 1 a,27b-tetrahydrocyclopropalc]chromene-1 - 
carboxylate was synthesized analogously to Example 33c from 5-chloro-8-fluoro-2H- 
chromene (1 g, 5.4 mmol) to give 360 mg of +/-c/s product (purified by column 
chromatography on silica, ethyl acetate/n-hexane 1:20) as white solid. Yield 25%. 

e) +/.c/s-7-chloro-4-fluorch1,1a,2 l 7b-tetrahydrocyclopropalc]chromene-1- 
carboxylic acid 
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+/-c/s-7-Chtoro-4-fluoro-l , 1a,2,7b-tetrahydrocyclopropa[cJchromene-1-caftoxyl}c acid 
was synthesized analogously to Example 33d from ethyl +/-c/s^7-chloro-4-fluoro- 
l.la^Jb-tetrahydrocyclopropalclchromene-l-carboxylate (360 mg, 1.3 mmol) to 
give 259 rng of +/-cis acid (80%). 

Example 60 

A/-ff1S. 1aR. 7bR) or MR. 1aS 7bSW).1a. 2. 7b'-tetrahvdrocvcloproparc)- 
f 1 lbenzothiOPvran^1>vn-A/W5>cvano->2>ovridinvh urea 

a) 3,4-dihydro-2H-1 -benzothiopyran-4-ol 

t 

o p xH 

cO-co 

A solution of thiochroman-4-one (9g) in ether (27 ml) was added slowly to a mixture 
of lithium aluminium hydride (0.53 g) in ether (54 ml). After the end of the addition, 
the mixture was refluxed for 2 hours. The reaction mixture was cooled and ice was 
added, followed by water and by a solution of 20%* H2SO4. The water phase was 

washed twice with ether. The ether phase was washed twice with NaOH 2N f and 
once with water, dried over M9SO4 and evaporated. The dear oil (8.9 9) crystallised 
after few hours. Rdt - 97% 

b) 2W-1-benzothiopyran and 4W-1-benzothiopyran 
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4-Thiochromanol (8.9 g) and potassium acid sulfate (0.89 g) were placed in a flask 
and evacuated to 1mm. The flask was put in a bath heated at 90 °C until the alcohol 
melted. The magnetic stirrer was started and the bath slowly brought to 120 °C. 
Dehydration was rapid and a mixture of the product and water distilled and was 
collected in a ice-cooled receiver. The product was taken up in ether and dried. The 
crude product (7g, Rdt= 88%) wasn't purified. The NMR showed the presence of 
10% of the 4H-1-rbenzothiopyran 

c) Ethyl ester 1 , 1a, 2, 7b-tetrahydro-cyclopropa[c][1]ban2othiopyran-1-carbo)cyHc 
acid, (1S, 1aR. 7bR) or (1R, 1aS, 7bS) 

co -co 

Ethyl dia2oacetate was added slowly to 500 mg of thiochromene at 140 C. The 
reaction was followed by Gas chromatography and stopped when all starting material 
was consumed (about 7 hours). The residue was purified by flash chromatography 
(5% ether in hexane). The cis isomer (46,5 mg, Rdt = 6%) was identified by NMR 
spectroscopy. 




d) 1, 1a f 2, 7b. tetrahydro-cyclopropafc][1]benzothiopyran-1-carboxylic acid, (1S, 
1aR, 7bR) or(lR, 1aS, 7bS) 




>C0 2 Et C o 2 h 



LiOH 




A mixture of the cis isomer (46,5 mg) t UOH (4eq . 19 mg) in 5 ml of methanol / 25% 
H2O was refluxed for 1 hour. After evaporation of the solvent under vacuum, the 
residue was dissolved in water and washed with ether. The water phase was 
acidified with concentrated HCI t and extracted twice with dichloromethane. After 
drying, the organic phase was evaporated and gave the desired acid (30 mg). Rdt = 
73%. 
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. Example 61 

(1 S, 1a/?,7bS)-4,7-difluoro-1 1 a.2,7b-tetrahvdrQcvrJn p roD a rc1chromane-1-carfanyy iir 
acid 

a) (2Z)-3-(3.6-difluoro-2-methoxy phenyl)-2-propen-l -ol. 
F 





OH 



1) BuLi/2nCL; THF 



2) Pd(OAc) 2 - /=\ 

Br COOEt 

3) DIBAL 

Mw*144 r Mw=2 00 

solution of BuLi (2.5M) in hexane (9.6 ml; 0.024 mol) was added to a shrred solution 
of 2,5-difluoroanisol (2.88 9. 0.02 mol) in dry THF (30 ml) at-70C. followed after 2h 
by solution of zinc chloride (3.6 g ; 0 026 mol) in dry THF (50 ml). The reaction 
temperature was allowed to raise to room temperature and then stirringwas 
maintained at room temperature for 30 min. Pd(OAc) 2 (8 mg; 0.2 moj<%) was added, 
followed by ethyl cis-3-bromoacryiate (3.58 g ; 0.02 mol). The reason mixture was 
placed in preheated oil bath and heated under reflux for 1h. The Resulting reaction 
mixture was chilled to -78 C and 60 ml (0.06 mol) of DIBAL (<1M solution in hexanes) 
was added dropwise. The stirring was continued at -78 C for 2h and 1h at room 
temperature. The reaction was quenched with water and all solids were dissolved by 
addition of HCI. The organic phase was diluted with ether, separated, washed with 
5N HCI, brine and evaporated in vacuo. The residue was Kugelrohr distilled (1.5x10* 
mbar. 150 C) to give 3.7 g (92%) of crude <2Z)-3-(3,6-difluoro-2-methoxyphenyl)-2- 
propen-1-of. which contains -6 % of other regioisomers. The crude product was used 
in the next step without further purification. 

1 H-NMR (CDCI 3 ): 7.00 (m. 1H); 6.77 (m. 1H); 6.31 (app. d, 1H); 6.12 (app. dt. 1H); 
4.08 (br. t. 2H); 3.89 (d, 3H); 1 .80 (br. t, 1 H). 

b) (2Z)-3-(3,6-difluoro-2-methoxyphenyl)prop-2enyl diazoacetate 
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OH 



TsNHN=CHCOCI 
PhNMe 2 ; NEt 9 ; CH 2 CI 2 




O .... "o* 

F F 

Mw=200 Mvv=2Q8 

The p-toluenesulfonylhydrozone of glyoxylic acid chloride (5.16 g; 0.02 moi) was 
added to a solution of (22)-3-(3,6-difluoro-2-methoxyphenyl)-2-propen-1-oi (3.6 g; 
0.018 mol) in dry CH2CI2 (50 ml) at -5C, and N.N-dimethylaniline (2.5 ml; 0.02 rnol) 
was added slowly. After stirring for 30 min at -5C, EtaN (12 ml: 0.09 mol) was added 
slowly. The resulting mixture was stirred for 1 5 min at -5C and then for 30 min at 
room temperature, whereupon water (~50 ml) was added. The organic phase was 
separated washed with water, brine and concentrated in vacuo. Flash 
chromatography (silica. EA:Hex; 1:15) gave 3.86 g (80 %) of product a? a yellow 
solid. 

1 H-NMR (CDCI3): 7.00 (m, 1H); 6.76 (m. 1H); 6.41 (app. d. J=12.2 Hz; 1H); 6.00 
(app. dt, J=12.2; 6.10 Hz; 1H); 4.71 (Or. s. 1H); 4.67 (dt. 2H>; 3.89 (d, 3H). 



c) (1S.5R.6S)- 6-(3.6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3.1 .0)hexan-2-one. 

f>° I AJ 

*° Rh 2 (5»R-MEPY) 4t 




abs. degassed 
dichloromethane 




Mw^26S 



Mw=240 



(22)-3-(3.6-difluoro-2-methoxyphenyi)prop-2enyl diazoacetate (3.45 g. 0.013 mol) 
was dissolved in 100 ml of dried degassed dichloromethane and added dropwise to 
the solution of chiral Doyle catalyst (Aldrich. also available from Johnsson Matthey, 
10 mg, 0.1 mol%) in 50 ml of dichloromethane under argon at ambient temperature 
over a period of ~6 h. The initial blue color had turned to olive by the end of the 
addition. The reaction mixture was concentrated in vacuo and the crude product was 
purified by flash chromatography (silica, EA.Hex. 1:5-*1:1) to give 2.72 g (88 %) of 
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(1S,5R,BSy 6-(3.6-dinuoro-2-methoxyphenyl)-3-oxabicyclol3.1 .Olhexan-2-one as 
colorless solid. Enantiomeric purity could be checked on this stage using Chiracei OD 
column, 10% IPA in hexane - 94% ee. 

1 H-NMR (CDCb): 7.00 (m, 1H); 6.72 (m, 1H); 4.33 (dd. 1H); 4.10 (d. 1H); 4.02 (d, 
3H); 2.66 (m,2H); 2.37 (t, 1H). 



d) (1S,laR,7bS)-1-(bromomethyl)-4,7-difluoro-1a.7b- 
dihydrocyclopropa[c]chromene-2(1H)-one. 





Br 



30 % HBr/AcOH 



«, o„« Mw=289 

(1 S.5R.6S)- 6-(3.6-difluoro-2-methoxyphenyl)-3-oxabicyclo[3. 1 .0]hexan-2-cne (1 30 
mg, 0.55 mmoO was mixed with 1.2 ml of 30% HBr/AcOH (6 mmol) .and heated in a 
sealed vessel at stirring for about 4h at 90°C. The. reaction mixture was then cooled 
down, mixed with water and extracted into diethyl ether (3x20 m'l). Ether extract was 
washed with sat. sodium bicarbonate solution and brine. Dried over magnesium 
sulfate. Concentration gave 160 mg of white solid material. 98% yield. f 
1 H-NMR (CDCI3): 7.08 (m. 1H): 6.88 (m. 1H); 3.44 (dd. 1H); 3.06 (t. 1H); 2.96 (dd, 
1H); 2.64 (dd, 1H); 2.46 (m. 1H). 



e) (1S.1 aR,7bS)-4,7-difluoro-1 ,la,2,7b-tetrahydrocyclopropa[c]chromene-1- 
carboxylic acid. 





H 2 0 



Mw=289 Mw=226 
(1 S.1aR,7bS)-i-(bromomethyl).4,7-difluoro-1 a,7b-dihydrocyc«opropa [cjchromen- 
2(1ff>one (360mg. 1.2 mmol) was mixed with the solution of NaOH (0.1 g. 2.5 mmol) 
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fn 5 ml of water and heated at stirring for 1h at 90 a C. After completion the reaction 
mixture was cooled down and extracted into diethyl ether (2x20 ml). Water phase 
was acidified with cone. HCI. The precipitate formed was collected by filtration to give 
180 mg of pure product. Mother liquor was extracted into ether and washed with 
brine, dried over magnesium sulfate. Concentration gave additional 70 mg of product 
(containing up to 15% of impurities). Overall yield about 92%. 

'H-NMR (CDCIa): 6.86 (m, 1H); 6.54 (m. 1H); 4.48 (m. 2H); 2.62 (t. 1H); 2.20 (t, 1H); 
2.1 1(m, 1H). 

Example 62 

a) cis ethyl ester 1 a, 65-dihydro-i H-benEo[b]cyclopropa[d]thiophene-1-car'ooxyiic 
• acid, (18/laS. 6bR) or (1R, 1eR, 6bS) 

Ethyl diazoacetate is added slowly to 10 g of thiophene at 140 The reaction was 
checked by gas chromatography and stopped after 7 hours. The residue is purified 
by flash chromatography (5% ether in hexane). The cis isomer (917 mg. Rdt ■ 6%) 
was identified by NMR spectroscopy. 

Reference: Badger G.M. et al. J. Chem. Soc. 1958. 1 179-1 184. 
Badger G.M. et al. J. Chem. Soc, 1958, 4777-4779. 

». 

b) cis 1a. 65-dihydro-1H-ben2o[b]cyclopropa[dJth'tophene-1-carba)(ylic acid, (1S, 
1 aS, 6£>R) or (1 R. 1 aR. 60S) 

A mixture of the cis isomer (443 mg), LiOH (193 mg) in 15 ml of methanol / 25% H2O 
is refluxed for 1 hour. After evaporation of the solvent under vacuum, the residue is 
dissolved in water and washed with ether. The water phase is acidified with 
concentrated HCI. and extracted twice with dichloromethane. After drying, the organic 
phase is evaporated and gave the desired acid (313.6 mg). Rdt =81%. 
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Example 63 

p ..V-o 

.A...J 




OMe 




a) lodo~3-oxabicycio[3.1 .0]hexan-2-one 

n - , y f . 

r 

The title compound is synthesised in the depicted stereochemistry as described in 
Doyle J Amer Chem Soc 1 1 7 (2 1 ) 5763-5775 (1 993) 

b) lodo-2-methoxy-3-oxabicyclo[3, 1 ,0]hexane 

O 

\\^ HO Meo 

D'BAL >^ 0 MeOH, H* - V- 



I*"' 



^ ..A 1 *" A / 



o 



The title compound is synthesised in the depicted stereochemistry as described in 
Martin et al Tett Lett 39 1521-1524 (1998). 
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c) (1 s,5R,6S)-6-(3.6-difiuoro-2-methoxyphanyl)-2-methoxy-3- 
oxabicyclo[3.i.0]hexane 

p Me ° v 1) BuLi. ZnCl 2 

l .^O 2) Pd'(OAc) 2 /Ugand 

.A J 

I**' THF 





F 



OMe 

F 

2.4-diflouroanisol (90 mg, 0.62 mmol) was dissolved in anhydrous, degassed. THF (7 
ml) and cooled to -78 °C under N 2 . nBuU, 2.5 M in hexane, (0.30 ml. 0.77 mmol) was 
added and the reaction mixture was stirred at -78 °C for 2 hrs. ZnCl 2 (150 mg, 1.1 
mmol). as a solution in anhydrous THF (7 ml), was added and the reaction mixture 
was allowed to warm to ambient temperature for 2 hrs. lodo-2-methoxy-3- 
oxabicyclonexane <150 mg. 0.63 mmol). Pd (OAc) 2 (1.5 mg, 6.2 umol). and ligand 
Tris(2.4-di-rert-butylphenyl)phosphite (40 mg. 62 umol) were mixed in anhydrous 
THF (7 ml) and added to the reaction mixture. The reaction mixture was heated at 
reflux for 3 days and quenched with H 2 0. Diethyl ether was added and the layers 
were separated, the organic layer was washed with H 2 0 and aq. sat. NaCi. dried 
over MgS0 4 . filtered and concentrated to give the title compound, otherwise denoted 
2,4-di-fluoro-5-(cyclopropylacetal)anisol. Column chromatography on silica 
(EtOAc/Hexane 1:3) gave (4) 50 mg. 31%. 

1 H NMR (CDCI 3 ) 6 (ppm): 6 88-6.94 (m. 1H. ArH). 6.68-6.73 (m. 1H. ArH). 4.82 (s. 
1H, CWOCHa). 3.97-3.98 (m, 1H. CHOCH) 3.94 (s. 3H. OCH 3 ). 3.79-3.81 (m. 1H. 
CHOCH) 3.30 (S. 3H, OCH 3 ). 2 13-2.19 (m, 2H, 2x CH-cyclopropyl). 1-89 (tr. 
>7.81 Hz, 1H. CH cyclopropyl). 
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Example 64 

c/s-4,7-Pifkjoro-1 . 1a,2.7b>tetrahvdrocvcloorQDafc]chromene>1-carboxY >ig acid 



BBra 1M solution In CH 2 CI 2 (5.8 ml, 5.8 mmol 2.1 eq) was added to starting lactone. 
(1 S.5R6S)- 6-(3,6-difluoro-2'methox^'phenyl)-3-oxabicyclo[3. 1 .OJhexan-2-one from 
example 42c) (0.66 g: 2.75 mmol) at 0°C. The reaction mixture was stirred at 0 5 C for 
ih. Acetonitrile (5.8 ml) was added and stirring was continued for 3h at 0°C. The 
reaction mixture was quenched by addition of water and the organic phase was 
separated. Water phase was extracted with CH2CI2 and combined organic phases 
were evaporated. NaOH (0.33 g; 8.25 mmol; 3 eq) in water (-5 ml) was added to the 
resulted residue and stirred at 80 °C for 45 min. The reaction mixture was extracted 
with ether to remove none acidic impurities. The residual ether in water phase was 
evaporated in vacuo and cone. HCI was added to pH of -3. After -ih the sojid was 
filtered off yielding 0.497 g (80%) of crude final acid as brownish solid. The crude 
acid was dissolved in 6 ml of EtOH/H 2 0 (40/60 v/v) and treated with, activated 
carbon. The hot solution was filtered and left for crystallization. Yielci 0.4 g (64%), 

»■ 

1 H-NMR (CDCI 3 ): 10.32 (br s. ~1H>, 7.68 (d, 2H). 7.37 ( s, 1H), 7.32 (d. 2H). 6.96 (s. 
1H), 6.87 (m, 1H), 6.62 (dt ( 1H), 4.44 (dd. 1H). 4.33 (dd* 1H), 3.53 (m, 1H). 2.56 (m, 
~1H), 1.96 (m, IH). LC-MS: WT 434. 

Example 65 

a) l.la.eea-tetrahydrocyciopropata] indene-1-carboxylic acid ethyl ester. 
Indene is diluted in 100 ml dichloroethane. Around 10 mg of Cul and around 10 mg 
Pd(OAc)2 is added. 25 ml of the resultant mixture .is dropwise added to 25 m! 
ethyldiazoacetate and refluxed for 30 minutes . The solution is filtered through AI2O3 
which is eluted with a EtOAC/hexane gradient. The eluate is evaporated vigorously at 
100°, 2mmHg to yield the title compound (36 g). 

b) IJa^Sa^tetrahydrocyclopropata] indene-1-amine. 
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The product of step a) is boiled with around 60 g NaOH in 200 ml 10:1MeOH:H 2 O for 
2 hours. The mixture is diluted with water, washed with dichloroethane. evaporated 
, with HOAc. extracted with dichloroethane, washed with wated. dried with sutohate, 
^ filtered and evaporated to yield 25 g of the acid. 95% pure. DPPA 275.2 5=1.128 10 
ml. 46.5 mmol TEA 7.1 ml 1.1ee and 7.3 g of the acid (mass 174:12. 0.9ee) is mixed 
in 200 ml toluene and refluxed for around 2 hours. The product is evaporated and 
dissolved in dioxane 200 ml. 25 mi HCI(aq) and 25 ml water is added and the mixture 
agitated for 60 minutes at room temperature. The solution is parlioned with acid/base 
in water/dichloroethane. The organic phase is dired, filtered and evaporated. The . 
product is chromatographed through asilica 60 column to yield 660 mg of 85% pure 
c/s amine, mol wt 145.11. 



Fxamole 66 

a) ±cfe-1 .1 a.6.6a-Tetrahydro-cyclopropa[a3indene-1 -carboxylic acid ethyi ester 
To a mixture of indene (11 6 g. 100 mmol) and Cu 2 Br 2 (0.10 g. 0.35 mmol) in 1.2- 

dichloroethane (200 mL) at 80 X. was added dropw.se (3h) a solution of ethyl 
diazoacetate (17.1 g. 150 mmol) in 1,2-dichloroethane (35 mL). After 15 min at 80 
*C, the reaction mixture was washed with H z O (200 mL). The H 2 0 phase was 
washed with CH 2 CI 2 (50 mL) and thesolvent of the combined organic phases was 
removed under reduced pressure. The crude product was column chromatographed 
(silica gel. 5-10% EtOAc in Hexane). to give 3.63 g (18%) of *c/s-1,1a.6,6a- 
tetrahydro.cyclopropala]indene-l-carboxyltc acid ethyl ester and 6 68 g (33%) of 
^rans-1 ,ia.6.6a-tetrahydro-cyclopropa(a]»ndene-1 -carboxylic acid ethyl ester as a 

byproduct 

'H-NMR (CDCI 3 ): 7.30-7.05 (m. 4H). 3.81 (q. 2H). 3.38 (d. 1H), 3.18 (dd. 1H). 2.92 
(m, 1H). 2.24 (m. 1H), 1.99 (dd. 1H). 0.92 (t, 3H). 



b) 



t c/s-1.1a.6.6a-Tetrahydro-cyclopropa[a)indene-l-carboxylic acid 
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scfe-1.1a.6,6a-Tetrahydro-cyclcpropa[a]indene*l-carboxylic acid was synthesized 
from *c/s-1.1a.6.6a-tetrahydro-cyclopropa[a)indene-1-carboxylic acid ethyl ester 
(3.53 g, 15.5 mmol) , LiOH (539 mg. 22 5 mmol), H z O (10 mL) and MeOH (20 rr.L) 
which were heated to reflux for 2h. concentrated and acidified to precipitate 1.62 g 
(62%) of *c/s-1.1a,6.6a-tetrahydro-cyclopropa[a]indene-1-carboxylic acid as a white 
solid. The product was not crystallized. 

1 H-NMR (CDCI 3 ): 10:95 (br s. 1H). 7.35-7.02 (m. 4H), 3.29 (d. 1H). 3.14 (dd, 1H). 
2 96 (m. 1H). 2.27 (m, 1H), 1.91 (dd. 1H). 

The reaction mixture was concentrated under reduced pressure, benzene (20 mL) 
was added and the reaction mixture was washed with 1N HCI (30 mL), H 2 0 (30 mL) 
and brine (30 mL). The solvent of the organic phases was removed under reduced 
pressure. The crude product was column chromatographed (silica gel, 4-*5% MeOH 
in CH 2 Cfe), to give 25 mg (5%) of ±c/s-1-(5-cyano-pyridin-2-yl)-3-(1.1a,6ia- ' 
tetrahydro-cyclopropa[a]inden-1-yl)-urea. ' 

1 H-NMR (DMSO-d 6 ): 9.58 (s. 1H). 8.18 (d. 1H), 7.96 (dd, 1H). 7.40-7.25 (m. 3H). 
7.17-7.05 (m, 3H), 3.27-3.13 (m, 2H). 2.80-2.73 (m. 2R). 2.05 (dd. 1H). 

Example 67 



a) 1a.2.3,7b-Tetrahydro-1f/-cyclopropa[a)naphthalene-1-carboxylic acid ethyl 
ester 




1a,2,3,7b-Tetrahydro-1H-cyclopropa[9]naphthalene-1-carboxylic acid ethyl ester was 
synthesized analogously to Example 66 from 1.2-dihydronaphthalene (3.91 g. 30 
mmol). to give 688 mg (11%) of 1a.2,3,7b-tetrahydro-1W-cyclopropa[a)naphthalene- 
1-carboxylic acid ethyl ester (a 56/39 mixture of c/s and trans isomers). 

'H-NMR (CDCfe): 7.35-6.95 (m, 4H). 4.30-3.85 (m. 2H). 2.90-1.00 (m. 10H). 
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b) ia.2,3,7b-Tetrahydro-1H-cyclopropa[alnaphthalene-1-carbO)cylic acid 
1 a,2,3.7b-Tetrahydro-l H-cyclopropaIa]naphthalene-1-cart>oxylic acid was 
synthesized analogously to Example 66b from 1a.2,3.7b-tetrahydro-1H- 
cyclopropa[a)naphthalene-l-carboxyiic acid ethyl ester (688 mg. 3.18 mmol. a 56/39 
mixture of cis and trans isomers), to give 640 mg (90%) of 1a,2,3,7b-tetrahydrc-1 H- 
cyclopropa[a]naphthalene-i-carboxylic acid (a 56/39 mixture of cis and trans 
isomers). The product was not crystallized. 

1 H-NMR (COCb): 11.36 (br s. 1H). 7.30-6.95 (m, AH), 2.80-1.65 (m, 7H). 
Example 63 

a) i,ia,2 t 3A8b-Hexahydro-De^ acid 
ethyl ester. 




1 ,1 a^^^.at^Hexahydro-benzotalcyclopropatclcycloheptene-l-carboxylic acid ethyl 
ester was synthesized analogously to Example 66a from 6,7-dihydro-5H- 
benzocycloheptane (4.40 g, 30.5 mmol), to give 3.43 g (49%) of 1,13,2,3,4,80- 
hexahydro-benzo[alcyclopropa[c]cyc!oheptens-l-carboxylic acid ethyl ester (a 1/10 

mixture of cis and trans isomers). 

1 H-NWIR (CDCI3): 7.40-6.90 (m ( 4H), 4.30-4.00 (m, 2H), 3.30-0.50 (m, 12H). 

b) l,la,2 f 3,4,8b-Hexahydro-benzota]cyclopropalc]cycloheptene-1-carboxylic 
acid. 




1 ja^.S^^b-Hexahydro-benzotajcyclopropalclcycloheptene-l-carboxylic acid was 
synthesized analogously to Example 66 from 1,1a,2,3.4.8b-hexahydro- 
benzo[a]cyclopropa[c]cycloheptene-i-carboxylic acid ethyl ester (3.43 g, 14.9 mmol, 
a 1/10 mixture of cis and trans isomers), to give 2.81 g (93%) of 1 ,13,2.3.4,8b- 
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h'exahydro-benzpfajcyclopropa[clcycioheptene^1.carboxyltc acid (a 1/10 mixture of 
cis and trans isomers). The product was not crystallized. 

n H-NMR (CDCIj): 10.76 (br s. 1H), 7.40-7.00 (m, 4H). 3.30-0.50 (m, 9H). 
Example 69 

a) 6-methoxy-i ,2.3.4-tetrahydronaphthalen-l -ol 




6-Methoxytetralone (10g, 0 0S7mol) was mixed with 150 ml of dry ethanol and 
sodium borohydride (1.2 eq) was added by portions to the stirred mixture. The 
reaction mixture was left to stir at ambient temperature for 15 h. The reaction mixture 
was then concentrated by rotary evaporation, mixed with 100ml of water and heated 
for 1h at 45 a C The resulting mixture was extracted into diethyl ether (s'x 80ml). 
Combined organic extract was dried over Na 2 SO« and concentrated' by rotary 
evaporation to give 10.39g of yellow oil which was used In the next step without 
additional purification. 



b) 7-methoxy-l,2-dihydronaphthalene 




Crude 6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (10.3g. 0.058mol) was dissolved 
in 100ml of toluene and heated in an oil bath (1 1 5°C). P-tolylsulphonic acid (20mg) 
was added to the reaction mixture and it was refluxed for about 1h. The reaction was 
monitored by GC. The reaction mixture was then cooled and washed with sat. 
NaHCOa solution, water and brine and organic layer was dried over Na 2 S0 4 . 
Concentration gave 8.87g of light brown oil. Yield 96%. 
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c) Ethyl 5-methoxy-1 a,2.3,7b-tetrahydro-1 H-cyclopropata]naphthalene-V 
carboxylate 

COOEt 




7-Methoxy-l.2<lihydronaphthai3ne (8.8g, 0.055mol) was mixed with 10ml of 
degassed absolute methylene chloride and 20mg of rhodium acetate (appr 0.1 
mol%). The reaction mixture was bubbled with nitrogen and ethyl diazoacetsie (2eq. 
50% solution in degassed abs. methylene chloride) was added slowly through the 
syringe (flow rate about 1 ml/hour) to the stirred solution at ambient temperature. Gas 
evolution started upon the addition. The reaction was monitored by GC. Additional 
amount of catalyst was added during the reaction (about 20mg), GC-ratio of cis/trans 
isomers was 21:48. / 

After the reaction was complete according to GC data the reaction/mixture was 
washed with saturated NH 4 CI solution and brine. The methylene chloride solution 
was dried over Na 2 S0 4 . Concentration gave 13g of crude product as yellow oil. 
Purified by column chromatography on silica (200g, ethyl acetate/hexane 1:20). Only 
trans isomer was obtained in pure form. The required cis form could not be purified 
by the technique used. Fractions which were more enriched with required product 
were combined (200mg, cis/trans ratio 70:30 according to GC) and used for further 
transformations. 

d) 5-Methoxy-1 a;2,3,7b-tetrahydro-1 H-cyclopropa[a]naphthalene- 1 -carboxylic 
acid 

COOH 

J 
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Ethyl 5-methoxy-la.2.3.7b-tetrahydfo-1H-cyclopropa[a]naphthalene-1-carboxylate 
(0.2g. 0.8mmoi) was dissolved in 2ml gf methanol and the solution of sodium 
• hydroxide (0.2g, 50mmol) in 2 ml of water was added to the reaction mixture and 
stirred at ambient temperature overnight The extraction of basic reaction mixture into 
hexane showed that no starting material present. The reaction mixture was acidified 
with excess of 3M HCI solution (pH=1), and extracted into ethylacetate (3x15ml). The 
combined extracts were washed with water and brine, dried over Na 2 S0 4 and 
concentrated by rotary evaporation to give 0.1 5g of mixture of cis/trans acids as white 
solid. 

Example 70 

a) 7-methoxy-1,2,3,4-tetrahydro-1-naphthalenol 




7-Methoxy-3,4-dihydro-1(2W)-riaphthalenol was synthesized analogously to Example 
69a from 7-methoxy-1.2.3.4-tetrahydro-1-naphthalenone (5 g. 28 mmol). to g.ve • 
about 5 g of crude product (quantitative yield), which was used in the next step 
without additional purification. 

• 

b) 6-methoxy-1,2-dihydronaphthalene 

6-Methoxy-1,2-dihydronaphtha!ene was synthesized analogously to Example 69b 
from 7-methoxy-1,2,3,4-tetrahydro-1-naphthalenol to give 4.4 g of product as brown 
•yellow oil (96% yield from 7-methoxy-1.2.3.4-tetrahydro-1-naphthalenone). 
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c) Ethyl 6-methoxy-1 a,2.3,7b-tetrahydro-1 rV-cyclopropa[a]naphthalene-l 
carboxylate 

COOEt . 




Ethyl 6-methoxy-1 a,2.3.7b-tetrahydro-1 H-cyclopropaIa]naphthalene-1-carboxylate 
was synthesized analogously to Example 67 from 6-methoxi,'-1,2-dihydronaphthalene 
(4.4 g, 28mmol) at addition rate 0.7 ml/h to give 9.68 g of crude product as crange- 
brown oil. Purified by column chromatography on silica (200 g. ethylacetate/hexane 
1:'10). Three fractions were collected: fraction enriched with cis isomer (75% by GC) 
- 0.16g, mixed fraction - 1.76 g, and fraction contained pure trans Isomer -ig. Total 
yield 45%. 

d) e-methoxy-ia^.ajb-tetrahydro-IH-cyclopropalalnaphthalene-l-carboxylic 
acid 

t 

C.OOH . ' 




6-Methoxy-1 a.2,3,7b-tetrahydro-1 H-cyclopropaJalnaphthalene-l -carboxylic acid was 
synthesized analogously to Example 69d) from ethyl 6-methoxy-1a,2 ( 3,7b-tetrahydro 
lH-cyclopropala]naphthalene-1-carboxyiate (0.16 g, 0.65mmol) to give 0.1 c of 
product as white crystals. Yield 71 %. 

Example 71 

a) 7,6-dihydro-2-naphthalenol 




7-Methoxy-1 ,2-dihydronaphthalene 5ea 2 (6.4 g, 40mrool) was dissolved in abs. DMF 
and bubbled with argon sodium ethylthiotate (2.5 eq) was added and the reaction 
mixture was heated at stirring at 160°C for about 4 h. Reaction was monitored by GC. 
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Reaction mixture was diluted with water, acidified with 3M HCI and extracted «nto 
ethylacetate. Organic extract was washed with water and brine, dried over Na 2 S0 4 
and concentrated by rotary evaporation. Purification by column chromatography on 
silica (200 g. ethylacetate/hexan'e) gave 5.36 g of desired phenol. Yield 92%. 

b) 7.8-dihydro-2-naphthalenyl trifluoromethanesulfonate 



O 

7.8-Dihydro-2-naphthalenol (5.3 g. 37mmol) was mixed with triethylamine (8.2 ml, 
44mmol) in abs. methytenechrtoride and cooled under nitrogen in the ice/brine bath. 
Triflic anhydride (7.4 ml, 44mmol) was added to the stirred solution through syringe 
during 10 min. The temperature was allowed to rise slowly up to room'temperature. 
The reaction mixture was then washed with water and brine and dried over Na 2 S0 4 . 
The crude product was purified by column chromatography oh silica. 9 g of brown 
liquid was obtained. Yield 88%. 



c) Ethyl 5-{((trinuoromethyl)sulfonyl]oxy>.la.2,3.7b-tetrahydro-1H- 
cyclopropalalnaphthalene-1-carboxylate 

COOEt 

/ 




Ethyl 5-{[(trifluoromethyl)sulfonyl}oxy}-1a.2.3.7b-tetrahydro-lH- 
cyciopropa[a]naphthalene-l-carboxytate was synthesized analogously to Example 5c 
from 7,6-dihydro«2-naphthalenyl trifiuoromethanesulfonate (9 g, 32mmol) at addition 
rate 1 ml/h to give 13 g of crude product as orange-brown oil. Purified by column 
chromatography on silica (200 g, ethylacetate/hexane 1:15). Fraction enriched with 
cis isomer (80% by GC) -0.64g was collected and used for futher transformations. 
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d) Ethyl S-cyano-1 a^^Jb-tetrahydro-l H-cyclopropa(a]naphthalene-1- 
carboxyiate 

COOEt 




Ethyl 5-{[(trifluoromethyl)sulfonyl]oxy}r1 a,2,3,7b-tetrahydro-l H- 
cyclopropa[a]naphthalene-1 -carboxyiate (0.2g, 0.5mmol) was mixed with 2n(CN) 2 
(0.82mmol) and Pd(Ph 3 P)4 (56 mg. 10 mol %) in DMF (4 ml) l bubbled with argon for 
5 min and heated at stirring in a closed vial for 14 h at 1Q0°C. Reaction was 
monitored by GC. The reaction mixture was concentrated by rotary evaporation, 
mixed with saturated NH 4 CI and extracted into ethylacetate (3 x 15ml): Organic 
extract was washed with water and brine, dried under Na 2 S0 4 . Concentration gave 
0. 1 2g of product as an oil (yield 90%) . 

d) S-cyano-la.Z.SJb-tetrahydro-IH-cyclopropatalnaphthalene-l-carboxylic acid 

COOH 




S-Cyano-la^^Jb-tetrahydro-IH-cyclopropalaJnaphthalene-Vcarboxylic acid was 
synthesized analogously to Example 69d from ethyl 5-cyano-1a,2,3,7b-tetrahydro- 
1H-cyclopropa[a]naphthalene-1 -carboxyiate (0.12 g, 0.5mmol) to give 0.1 g of 
product as white crystals. Yield 94%. 

1 H-NMR (DMSO-ds): 9.70 (br s, 1H). 8.32 (br s, 1H), 8.03 (dd. 1H). 7.46-7.63 (m, 
4H). 7.32 (brs. 1H), 3.18-3.10 (m. 2H) t 2.76-2.65(m t 1H), 2.62-2.51 (m, 1H). 2.34 (t, 
1H), 2.01-1.80 (brm. 2H), 1.78-1.69 (brm, 1H). 

Example 71 A) 
Example 71A 
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a) Ethyl 5-[(trimethylsilyl)ethynyl]-1 a^^.Tb-tetrahydrorlH-cyclopropataJnaphtha 
lene-1-carboxylate 

COOEt 




Ethyl S-ttftrifluoromethyOsulfonylloxyJ-la.a.ajb-tetrahydro-IH. 
cyclopropa[e]naphthalene-l-carboxylate (0.2g. 0.5mmol) was mixed with 
trimethylsylilacetylene (0.2 ml. 1.37mmol), DPP (35 mg. 10 rnol%) % Pd(dba) 2 (30 mg. 
10 mol %) and Cul (3 mg) in Et3N (2.5 ml), bubbled with argon for 5 min and heated 
at stirring in a closed vial for 14 h at 95°C. Reaction was monitored by GC. The 
reaction mixture was concentrated by rotary evaporation, mixed with saturated NH4CI 
and extracted into ethylacetate (3 x 15ml). Organic extract was washed with water 
and brine, dried under Na 2 S0 4 . Concentration gave 0.1 5g of product as an oil (yield 
87%). 

b) 5-Ethynyl-1 a,2 t 3 t 7b-tetrahydn>1 H-cyclopropa[a]naphthalene-1-carboxylic acid 




COOH 



Ethyl S^trimethylsilyOethynylJ-la^.SJb-tetrahydro-IH-cyclopropalaJnaphtha lene-1- 
carboxylate (0.2 g. 0.64mmol) was dissolved in 4ml of methanol and the solution of 
sodium hydroxide (0.05g, l.2mmol) in 2 ml of water was added to the reaction 
mixture and stirred at heating at 65°C for 6 h. The extraction of basic reaction mixture 
into hexane showed that no starting material present. The reaction mixture was 
acidified with excess of 3M HCI solution (pH=l), and extracted into ethylacetate 
(3x15ml)* The combined extracts were washed with water and brine, dried over 
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Na^SOA and concentrated by rotary evaporation to give 0.1 2g of mixture of cis/trans 
acids (85:15) as white solid. Yield 88%.7 

Example 72 

a) S.B-difluoro^-methyl-a^-dihydro-ltZ/^-naphthalenone 




1,4-Difluorobenzene (22 ml, 210 mmol) was mixed with Q-valerolactone {4 ml, 42 ' 
mmol) and AICI3 (28 9, 210 mmol) was added by portions to the stirred reaction 
mixture. The reaction mixture was then refluxed at stirring for 16 h (oil bath 1 10°C). 
The reaction mixture was cooled down (ice/brine bath) and ice/cone. HCl was added 
and stirred until homogeneous mixture was obtained. The reaction mixture was then 
extracted into methylene chloride, washed with water (4x10 ml) and sodium . 
bicarbonate solution (3x100 ml). Tne organic extract was dried over Na2S0 4 
Concentration by rotary evaporation gave 6 7 g of product as yellow powder. Yield 
81%. 

b) 5 ? 8-difluoro-4-methyl-1 t 2 f 3.4-tetrahydro-l-naphthaienol 




5 I 8-Difluoro-4Hnethyl-1 i 2,3 f 4-tetrahydro-1-naphthalenol was synthesized 
analogously to Example 69a from 5.8-difluoro-4-methyl-3,4-dihydro-1(2H)- 
naphthalenone to give 1 .8 g of caide product, which was used in the next step 
without additional purification. 

c) 5,8-dif!uoro-1-methyM,2-dihydronaphthalene 
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5,8-Difluoro-l-methyl-1.2-dihydr6naphthalene was synthesized analogously to 
Example 69b from 5 ( 8-dtfluoro-4-methyl-1 ( 2 % 3 ( 4-tetrahydro--1-naphtrialenol (1.8 g t 9.1 
mmol) to give 1.5 g of product as brown yellow oil (90% yield from 5,8-difluo-o-4- 
methyM,2,3.4-tetrahydro-1-naphthalenone). 

d) Ethyl 4J.dmuoro^-memyl-1a.2.3;7b-tetrahydro-1H-cyclopropala]naphthaIene- 
1-carboxylate 

COOEt 




Ethyl AJ-dlfluoro-S-methyl-la^.S.Tb-tetrahydro-IH-cyclopropalaJnaphthaiene-l- 
carboxylate was synthesized analogously to Example 69c from 5.8-difluon>1-methyl- 
1,2-dihydronaphthalene (3.5 g t 19 mmol) at addition rate 0.5 ml/h to give crude 
product as yellow-brown oil. Purified by column chromatography on silica (200 g. 
ethylacetate/hexane 1:15) to give 5.2 g of the mixture of diastereomeric esters 
together with dimers of EDA as coloureless oil (GC ratio: anti- 45%; 40% /transxis/, 
syn- 11%; 2.3% /trans:cis). 

e) V-antf-c/s^7-difluoro-3~methyl-1 a,2,3.7b-tetrahydro-1 H- 
cyclopropa[a)naphthalene-1 -carboxylic acid 

COOH 
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Ethyl 4,7-difluoro-1a.2.3Jb4etrahydro-1H-cyc^^ 

(5.25g, 20 mmoi l -50:50 mixture of cis and trans isomers) was dissolved in 2.5ml of 
methanol and the solution of sodium hydroxide (Q.4g. 10mmol) in 2 5 ml of water was 
added to the reaction mixture and stirred at ambient temperature overnight The 
reaction mixture was extracted into hexane (3x30 ml). The combined extracts were 
washed with water and brine, dried over NaaS0 4 and concentrated by rotary 
evaporation to give 1 .12g of cis esters as colourless oil (mixture of ethyl and methyl 
esters — 94% according to GC). The mixture obtained was dissolved in 1.5 ml of 
methanol and the solution of sodium hydroxide (0.2 g, 5mmol) in 1.5 ml of water was 
added to the reaction mixture and stirred at 95°C for 40 min. The reaction mixture 
was acidified with excess of 3M HCI solution (pH-1), and extracted into ethylacetate 
(3x1 5ml). The combined extracts were washed with water and brine, dried over 
Na2SO* and concentrated by rotary evaporation to give 0.93g anti-+Acis acid as 
slightly orange crystals. Yield 20% (appr. quantitative if calculated for starting cis 
isomer). , ' m K 

Example 73 

a) 4, 7-difluoro-3-methyM -indanone 




4,7-Difluoro-3-methyl-1 -Indanone was synthesized analogously to Example 72a from 
D-butyrolactone (4 ml, 52 mmoi) to give 7.1 9g of yellow powder (85:15 mixture of 
corresponding indanone and tertralone according to GC). The product was purified 
by column chromatography on silica (200 g, ethylacetate/hexane) to give 3.7 g (40% 
yield) of pure product together with mixed fraction and fraction containing pure 
tetralone. 

b) 4,7-difluoro-3-methyl-1 -indanol 




NO 
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4,7-Difluoro-3-methyM-indanol was synthesized analogously to Example 69 from 
4,7-difluoro-3-methyl-1-indanone (3.7 g, 20 mmol). to give about 3.75 g of crude 
product (quantitative yield), which was used in the next step without additional 
purification. 

c) 4.7-Difluoro-l-methyl-1W-ind.ene 

F 




4,7-DifluorcKl-methyMH-indene was synthesized analogously to Example 66 from 
4.7-difluoro-3-methyl-1-indanol (3.75 g, 9.1 mmol) to give 2.36 g of product as beige 
liquid (70% yield). 

d) Ethyl 2.5-difluoro-6-methyl-1 , 1a.6.6a-tetrahydrocyclopropafa)indene-l- 
carboxylate 



COOEt 




Ethyl 2.5-difluqro-6-methyl-1,la,6,6a-tetrahydrocyclopropa[a)indene.1-carboxylate 
was synthesized analogously to Example 69c from 4,7-difluoro-1-methyl-1H-indene 
(1.32 g. 7.9 mmol) at addition rate 0.4 ml/h to give crude product as yellow-brown oil. 
Purified by column chromatography on silica (100 g. ethylacetate/hexane 1:15) to 
give 0.61 g of the mixture of diastereomeric esters els- and trans-esters as 
coloureless oil (cis/trans ratio: 84:16 according to NMR). Yield 30%. 
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e) a/itf-+/-c/s-2,5-difluoro-6-methyl-1 .1a,6.6a-tetrahydrocyclopropa(a]indene-1- 
carboxylic acid 

f s COOH 
F 

anf/-+/-c/s-2,5-Difluoro-6-nr»ethyl-1 , 1 a,6,Ba-tetr ahydrocyclopropa(aJindene-1- 
carboxylic acid was synthesized analogously to Example 72 from ethyl 2,5-difluoro-6- 
methyl-1.1a,6,6a-tetrahydfocyclopropa[a]indene-1-carboxylate (0.61 9, 2.4 mmol) by 
stepwise hydrolysis first with 20 mol. % of NaOH and then with the excess of NaOH . 
at heating to give 380 mg of product as white crystals. Yield 70% (appr. quantitative 
if calculated for starting c/s isomer). 

Example 74 

a) 5,B-difluoro-3.4-dihydro-1(2H)-naphth3ienone 



F Q 




F 



5,8-Difluoro-3,4-dihydro-1(2H)-naphthalenone was synthesized together with 4,7- 
difluoro-3-methyl-1-indanone according to procedure described in Example 73a. 
Separated by column chromatography on silica. 0.77 g of pure product was obtained 
yield 8%. 

b) s'.B-difluoro-I^.S^-tetrahydro-l-naphthalenol 



F OH 




F 
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S^-Difluoro-I^.S^etrahydrp-l-naphthalenol was synthesized analogously to 
Example 69a from ^e-difluoro-S.^dihydro-lfaHJ-naphthalenons (0.77 g. 4.2 mmol). 
to give crude product (quantitative yield), which was used in the next step without 
additional purification. 

c) 5,8-difluoro-1 ,2-dihydronaphthalene 



F 




F 



5 T 8-Dif)uoro-1 ,2-dihydronaphthalene was synthesized analogously to Example 69b 
from 5,8-difluoro-1 , 2, 3.4-tetrahydro-1 -naphthalene! to give 0.67 g of crude product 
as brownish liquid (90% yield from 5,8-difluoro-3,4-d|hydro-1(2H)'naphthalenone). 

Additional amount of product was also obtained from the mixture of5.8-difIuoro-3.4- 
dihydro-1(2H)-naphthalenone and 47-difluoro-3-methyl-l-indanone by reduction 
followed by dehydration. The mixture of corresponding indene and naphthalene is 
easy to separate by column chromatography on silica (ethyl acetate/hexane 1 :20). 

d) ethyl 4,7-difluoro-1a,2,3.7b-tetrahydro-1 W-cydopropa[alnaphthalene-1- 
carboxylate 




F 



Ethyl 4J<lifluoro-la I 23Jb-tetrahydro-1H-cyclopropa[a]naphthalene-l-carboxylate 
was synthesized analogously to Example 69c from 5,8-difluoro-1.2- 
dihydronapthalene (0.7 g. 4.2 mmol) at addition rate 0.4 rnl/h to give crude product as 
yellow-brown oil. Purified by column chromatography on silica (100 g, 
ethylacetate/hexane 1:15) to g f ve 0.45 g of the mixture of cis- and trans- esters as 
coloureless oil (cis/trans ratio: 33:67 according to GCJ^J-difluoro-la.^SJb- 
tetrahydro-1 H-cyclopropa[a]naphthalene-1-carboxylic acid 
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e) 4J-Difluoro-1a l 2,3Jb-tetrahydro-1H-^ 
acid 




4 l 7-Difluoro-1a,2 t 3 Jb-tetrahydro-1 H-cyclopropa[a]naphtha!ene-1-carboxylic acid was 
synthesized analogously to Example 72e from ettV/l 4.7-difluoro-1a.2,3 t 7b-tetrahydro- 
1H-cycIopropa(a]naphthalene-1-carboxylate (0.45 g, 1.8 mmol) by stepwise 
hydrolysis first with excess of NaOH at r.t. and then with the excess of NaOH at 
heating (60°C t 1.5 h) to give 80 mg of product as white crystals (cis/trans ratio 78:22 
according to HPLC). 



Example 75 

a) 6-Bromoindene 




This compound was prepared analogously to Examples 69a & 69b from 5-bromo-1- 
indahone (4.0 g. 18.8 mmol) to give 2.4 g (65%) of 6-bromoindene 

b) (s)-cis-Ethyl 4-bromo-1 .la^^a-tetrahydrocyclopropalajindene-l-carboxylate 




This compound was prepared analogously to Example 69c from 6-bromqindene (1.95 
g, 10 mmol). Purification on siiica gel starting with hexanes followed by hexanes with 
2% diethyl ether and finally hexanes with 5% diethyl ether afforded 670 mg (24%) of 
the cis-ester. 
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c) (±)-cis-4-Bromo~1 ,1 a,6,6a-tetrahydrocyclopropa[a]indene-1 -carboxylic acid 



This acid was synthesized analogously to Example 69d starting with 330 mg (1.77 
rnmol) of the compound from Example 75b to give 232 mg (79%) of (*)-cis-4-Bromo- 
1 .la.e^a-tetrahydrocyclopropalajindene-l -carboxylic acid. 

Example 76 

a) (:r)-cis-Ethyl 4-cyano-1 ,1 a,6>6a-tetrahydrocyclopropa[a]indene-1 -carboxylate 



This compound was prepared analogously to Example 71 d from (x)-cis-ethyl 4- 
bromo-ija.e^a-tetrahydrocyclopropalajindene-l-carboxylate (200 mg, 0.7 mmol) to 
give, after purification on silica gel using hexanes with 10% ethyl acetate as the 
eluent. 73 mg (46%) of (*)-cis-ethyl 4-cyano-1,1a>6,6a- 
tetrahydrocyclopropala]indene-1-carboxylate. 

b) (^)-ds-4-Cyano-1 .la.e.ea-tetrahydrocyclopropalalindene'l'Carboxylic acid 



This acid was synthesized analogously to Example 69d starting with 73 mg (0,32 
mmol) of the compound from Example 76a to give 59 mg (95%) of (:e)-cis-4-cyano- 
1,1a,6,6a-tetrahydrocydopropa[a]indene-1 -carboxylic acid. 

Example 77 

a) 4,7-Difluoro-1-indanone 





H 



COOEt 
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2,5-Difluorocinnamic acid (5.0 g, 27.2 mmol) was dissolved in 25 ml of ethane! and a 
catalytic amount of 10% Pd on carbon was added. The reaction mixture was 
hydrogenated at normal pressure for a period of 3 hrs. Filtration through celite and 
evaporation of the solvent afforded crude 3-(2,5-difluorophenyl)-propionic acid. This 
acid was dissolved in 75 ml of toluene and 5 ml of thionyl chloride was added. The 
reaction mixture was heated at +110 °C for a period of 2 hrs. Evaporation of the 
solvent afforded crude 3-(2,5-difluorophenyl)-propionyl chloride, which was dissolved 
in 25 ml of carbon disulfide and added drop wise to a suspension of 4 g of aluminium 
chloride in 100 ml of carbon disulfide. The reaction mixture was refluxed for 2 hrs and 
gave after work up and re-crystallization from ethanol 975 mg (22%) of 4,7-d»fluoro-1- 
indanone. 

b) 4.7-Difluoroindene 



F 




F 

This compound was prepared analogously to Examples 69a & 69b from 4 J-difluoro- 
1-indanone (975 mg, 5.8 mmol) to give 475 mg (54%) of 4.7-difiuoroindene. 



c) (:t)-cis-Ethyl 2,5-difluoro-1,1 a,6 t 6a-tetrahydrocyclopropa[alindene-1- 
carboxylate 

F 
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This compound was prepared analogously to Example 69c from 4,7-difIuoroindene 
(475 mg, 3.13 mmol). Purification on silica gel starting with hexanes followed by 
hexanes with 2% diethyl ether and finally hexanes with 5% diethyl ether afforded 
205mg of the cis-ester contaminated with 22% of the trans-ester. 

d) (*)-cis-2,5-Difluoro-1 .la.B.ea-tetrahydrocyclbpropalalindene-l-carboxylic acid 



F 




This acid was synthesized analogously to Example 69d starting with 205 mg cis-ester 
from Example 77c to give 120 mg of (^-cis^.S-difluoro-l.la.e.Sa- 
tetrahydrocyclopropa[a)indene-1 -carboxylic acid containing a minor fraction of the 
corresponding trans-acid. 

Biological results 

Extensive guidance on the assay of test compounds at the enzyme level and in cell 
culture, including the isolation and/or selection of mutant HIV strains and mutant RT 
are found in DAIDS Virology Manual for HIV Laboratories complied by Division of 
AIDS, NIAID USA 1997. Resistance studies, including rational for various drug 
escape mutants is described in the HIV Resistance Collaborative Group Data 
Analysis Plan for Resistance Studies, revised 31 August 1999. 

Compounds of the invention are assayed for HIV activity, for example using multiple 
determinations with XTT in MT-4 cells (Weislow et al. J Nat Cancer Inst 1989. vol 81 
no Q, 577 et seq), preferably including determinations in the presence of 40-50% 
human serum to indicate the contribution of protein binding. In short the XTT assay 
uses human T cell line MT4 cells grown in RPMI 1640 medium supplemented with 
10% fetal calf serum (or 40-50% human serum as appropriate), penicillin and 
streptomycin seeded into 96 well microplates (2*l0 n cells/well) infected with 10-20 
TCIDso per well of HlV-lma (wild type) or mutant virus, such as those bearing RT lie 
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100, Cys 181 or Asn 103 mutations.. Serially diluted test compounds are added to 
respective wells and the culture incubated at 37°C in a CO* enriched atmosphere 
and the viability of cells is determined atday five or six with XTT vital dye. Results 
are typically presented as ED50 |*M. 

Compounds are preferably potent against wild type virus and mutant HIV virus, 
especially virus comprising drug escape mutations. Drug escape mutations are those 
which arise In patients due to the selective pressure of a prior art antiviral and which 
confer enhanced resistance to that antiviral. The above cited Data Analysis Plan 
outlines relevant drug escape mutants for each of the antiviral classes currently on 
the market. Drug escape clones are readily isolated from HIV patients who are failing 
on a particular antiviral therapy. Alternatively the preparation of RT mutations on a 
known genetic background is shown in W097/27319, W099/61658 and 
WO00/7351 1 which also show the use of such mutants in sensitivity profiling. 

K103 N is a particularly relevant drug escape mutant in the context of NNRTI therapy 
and compounds of the invention preferably have a low EDsq against this mutant, 
especially in assays mimicking the presence of human serum. Compounds of the 
invention, such as those exemplified above show sub micromolar activities in such 
assays. 
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1. A compound of the formula Y: 

R 7 




10 



wherein " 
Ri is O, S; 

R2 is a nitrogen-containing heterocycle, wherein a nitrogen is located at the 2 position 

relative to the (thio)urea bond; 

R 3 isH,Ci-C 3 alkyl, 

• R4-R7 are independently selected from H, C1-C6 alkyl, C2-C6/alkenyl, C2-C6 alkynyl, 
haloCj-Ce alkyl, CpC6 alkanoyl, haloCi-C6 alkanoyl, Ci-Ce alkoxy, haloCi-C6 alkoxy, 
Ci-C 6 alkyloxy-Ci-C 6 alkyl, haloCi-C 6 alkyloxy-Ci-C 6 alkyl hydroxy-C r C 6 alkyl, 
amino-Ci-C6 alkyl, carboxy-Ci-C6 alkyl, cyano-Ci-C6 alkyl, amino, carboxy, 
carbamoyl, cyano, halo, hydroxy, keto; 

X is -(CRsRsOn-D-CCRsRsOmS 

D is a bond, -NR9-, -O-, -S-, -S(0)- or -S(=0) 2 -; 

n and m are independently 0, 1 or 2, provided that they are not both 0 when D is a 
bond; 

R« and Rs' are is independently H, Q-C3 alkyl, halo substituted Ci-Qjalkyl, hydroxy, 

or Rg and Rg' together with their adjacent C atom is -C(=0)- 

R9 is independently H, C1-C3 alkyl; 

E is -CH 2 -, -CHOH-, -C(=0)-, -NR9-, -O-, -S-, -S(=0)s 

p and q are independently 0, 1 or 2, where p+q < 2; 

Rio is an optionally substituted, saturated or unsaturated 5-7 membered carbocyclic 
ring or an optionally substituted, saturated or unsaturated 5-7 membered heterocyclic 
ring containing 1 to 3 hetero atoms selected from O, N and S, 
Rn is independently H, C1-C3 alkyl, halo substituted Ci-C3alkyl, hydroxy 
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with the proviso that -(CHRi O p -E-(CHRi i) q -Rio is not unsubstituted phenoxy. 
and pharmaceutically acceptable salts and prodrugs thereof. 

2. A compound according to claim 1, wherein Rj is O. 

3. A compound according to claim 1, wherein Ri is S. 

4. A compound according to claim 1, wherein R 2 is pyridyl, isoxazolyl, benzothiazolyl, 
pyrimidinyl, pyrazinyl or thiazolyl. 

5. A compound according to claim 4, wherein R2 is pyrid-2-yl, substituted at the 5 position 
with -{CHRiOp-E-CHRiOq- R l0 moiety. 



6. A compound according to claim 1, wherein R3 is H. 

7. A compound according to claim 1, wherein the cyclopropyl moiety has an enantiomeric 



where X is as defined, Y is the bridge to the (substituted) phenyl ring depicted in 
formula I and Z is bond to the (thio)urea-R 2 -Rio depicted in formula I. 

u 

f 

8. A compound according to claim 1 wherein the .compound of formula I comprises an 
enantiomeric excess of the isomer showing negative optical activity. 



excess of the conformation depicted in the partial formulae: 




or 




9, A compound according to x^laim 1 ; wherein D is -O. 



10. A compound according to claim 1, wherein n is 0 and m. is 1 . 



11. A compound according to claim 10, wherein D is -0-. 



12. A compound according to claim 11, wherein X is -O-CH(OH)-. 



13. A compound according to claim 1, wherein R4 is hydrogen, halo or hydroxy. 

14. A compound according to claim 13, wherein R4 is fluoro. 

15. A compound according to claim 1 wherein R 5 is hydrogen, halo, C1-3 alkylcarbonyl or 
Cl-3alkyloxy. 

16. A 'compound according to claim 15, wherein R5 is hydrogen or fluoro. 

17. A compound according to claim 1, wherein R$ is hydrogen, halo, C1-C3 alkyloxy, Cl- 
3alkylcarbonyl, cyano or ethynyl. 

18. A compound according to claim 17 wherein R* is hydrogen, methoxy or fluoro. 

19. A compound according to claim 1 wherein R 7 is hydrogen, halo, C N C 3 alkyloxy, or d_ 
C3alkylcarbonyl. 

20. A compound according to claim 19, wherein R7 is fluoro. 

21 . A compound according to claim 1, wherein R 5 and R^ are H and R4 and R 7 are halo. 

22 A compound according to claim 21, wherein R4 and R 7 are fluoro. 

23 A compound according to claim 22, wherein D is -O-, n is 0, m is 1, Ri is O, R 2 is 
substituted pyrid-2-yl and R 3 is H. 

24. A compound according to claim 23, wherein X is -0-CH 2 - or -CH(OH)- 

25. A compound according to claim 21, wherein D is -O-, n is 0, m is 1, R\ is S, R 2 is 
substituted pyrid-2-yl and R 3 is H. 

26. A compound according to claim 25, wherein X is -0-CH 2 - or -OCH(OH)-. 
27 A compound according to claim 1, wherein -(CHRi O p -E-(CHRu) q is -O-. 
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28 A compound according to claim 1, wherein -(CHRi O p -E-(CHRi j) q is -S-. 

29 A compound according to claim 1, wherein -(CHRi 0 P -E-(CHRi i) q is -O-methylene or - 
O-ethylene. 

30 A compound according to claim 29 wherein Rio is N-morpholino. 

31. A compound according to claim 1, wherein Rio is optionally substituted cycloalkyl, 
cycloalkenyl, phenyl, pyridyl, isoxazolyl, furyl, pyrimidyl, pyrazinyl, thiazolyl, 
imidazolyl, indolyl, triazolyl, piperidinyl, piperazinyl or morphblinyl. 

32. A compound according to claim 31, wherein Rio is halophenyl or cyanophenyl. 

33. A compound according to claim 32, wherein Rto is fluorophenyl. 

34. A compound according to claim 33, wherein Rto is fluorocyanophenyl 

35. A compound according to claim 3 1 , wherein Rio is cyanophenyl. 

36. A compound according to claim 31 , wherein Rio is pyridyl. 

37. A compound according to claim 36, wherein Rio is pyrid-3-y or pyrid-4-yl. 

38. A compound according to claim 37, wherein RIO is fluoro or cyano substituted pyrid-3- 
yl or pyrid-4-yl. 

39. A compound according to any of claims 32-38 wherein -(CHRi i) p -E-(CHRi 0 q - is -O-. 

40. A pharmaceutical composition comprising a compound as defined in any of claims 1-39 
and a pharmaceutical^ acceptable vehicle or diluent therefore. 

41 A composition according to claim 41, further comprising 1-3 additional HIV antivirals. 

42 Use of a compound as defined in any of claims 1-39 in the manufacture of a medicament 
for the prophylaxis or treatment of HTV-1 infections. 
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43 Use according to claim 43, wherein the HTV-1 infection is a drug escape mutant. 

44. Use according to claim 44, wherein the drug escape mutant comprises the K103I 
mutation. 
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Abstract 

Compounds of the formula Y: 




where; 
Ri is O. S; 

R 2 is a nitrogen-containing heterocycle, such as pyridyl 
R 3 is H, d-C 3 alkyl, 

R4-R7 are substituents including halo, cyano etc; 

X is ^CR a ROn-D-(CR 8 R fl V; 

D is a bond. -NR9-, -0% -S(=0)- or -S(=0) 2 -; 

R 8 and Re are is independently H, Ci-C 3 alkyl. halo substituted Ci-C3a)kyl. hydroxy, 

or R e and Ra' together with their adjacent C atom is ~C(=0)- 

R 9 is independently H, C1-C3 alkyl; 

E is -Chfe-, -CHOhk -NRq-, -S-. -S<=0) 

p and q are independently 0, 1 or 2, where p+q £ 2: 

R10 is an optionally substituted monocycle 

saturated or unsaturated 5-7 membered carbocyclic ring or an optionally substituted, 
saturated or unsaturated 5-7 membered heterocyclic ring containing 1 to 3 hetero 
atoms selected from O, N and S. 

Rn is independently H, C,-C a alkyl, halo substituted C-Caalkyl, hydroxy 
are active against HIV-1 
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